1. Introduction {#cogs12450-sec-0001}
===============

1.1. Neuroplasticity and multilingualism {#cogs12450-sec-0002}
----------------------------------------

For more than half a century, multilingualism research has centered on whether and to what extent the brain mechanisms underlying language‐related processes exemplify continued neuroplasticity over the lifespan. The long‐standing view has been that maturational limits on neuroplasticity for language learning constrain second language (L2) acquisition, such that an L2 acquired in late childhood or adulthood must rely on different neurocognitive substrates and processes than those used for the native language (cf. "Critical Period Hypothesis \[CPH\]": Lenneberg, [1967](#cogs12450-bib-0050){ref-type="ref"}; Penfield & Roberts, [1959](#cogs12450-bib-0089){ref-type="ref"}; also see Hahne & Friederici, [2001](#cogs12450-bib-0030){ref-type="ref"}; Johnson & Newport, [1989](#cogs12450-bib-0034){ref-type="ref"}; Kim, Relkin, Lee, & Hirsch, [1997](#cogs12450-bib-0043){ref-type="ref"}; Weber‐Fox & Neville, [1996](#cogs12450-bib-0119){ref-type="ref"}).

In contrast, a growing body of evidence has argued against the view that the age at which a language is learned is the *limiting* factor in native‐like language processing, and it has emphasized the decisive role of factors such as language proficiency (e.g., Bowden, Steinhauer, Sanz, & Ullman, [2013](#cogs12450-bib-0010){ref-type="ref"}; Friederici, Steinhauer, & Pfeifer, [2002](#cogs12450-bib-0024){ref-type="ref"}; McLaughlin, Osterhout, & Kim, [2004](#cogs12450-bib-0057){ref-type="ref"}; Osterhout, McLaughlin, Pitkänen, Frenck‐Mestre, & Molinaro, [2006](#cogs12450-bib-0078){ref-type="ref"}; Perani et al., [1998](#cogs12450-bib-0090){ref-type="ref"}; Rossi, Gugler, Friederici, & Hahne, [2006](#cogs12450-bib-0095){ref-type="ref"}; Van Hell & Tokowicz, [2010](#cogs12450-bib-0115){ref-type="ref"}; Wartenburger et al., [2003](#cogs12450-bib-0118){ref-type="ref"}; White, Genesee, & Steinhauer, [2012](#cogs12450-bib-0120){ref-type="ref"}), type of learning (Morgan‐Short, Steinhauer, Sanz, & Ullman, [2012](#cogs12450-bib-0065){ref-type="ref"}), first language background (Dowens, Guo, Guo, Barber, & Carreiras, [2011](#cogs12450-bib-0021){ref-type="ref"}; Ojima, Nakata, & Kakigi, [2005](#cogs12450-bib-0071){ref-type="ref"}; Tanner, Inoue & Osterhout, 2012; Tokowicz & MacWhinney, [2005](#cogs12450-bib-0113){ref-type="ref"}), and socio‐emotive factors such as motivation (Tanner, [2011](#cogs12450-bib-0108){ref-type="ref"}) in predicting the degree of overlap in brain responses between native‐monolingual and different types of multilingual speakers. Consistent with the notion of ongoing neuroplasticity for language learning well into adulthood, recent studies using advanced neuroimaging methods have measured changes in the brain\'s anatomical structure with increasing language exposure and proficiency, such as increases in gray matter volume and cortical thickness in key language‐related areas (Della Rosa et al., [2013](#cogs12450-bib-0019){ref-type="ref"}; Klein, Mok, Chen, & Watkins, [2014](#cogs12450-bib-0044){ref-type="ref"}; Mårtensson et al., [2012](#cogs12450-bib-0056){ref-type="ref"}; Mechelli et al., [2004](#cogs12450-bib-0058){ref-type="ref"}; Schlegel, Rudelson, & Tse, [2012](#cogs12450-bib-0097){ref-type="ref"}; Stein et al., [2012](#cogs12450-bib-0105){ref-type="ref"}).

Despite this gradual shift in perspective that the brain mechanisms underlying language remain more flexible beyond early childhood than was previously believed, the impact of age of acquisition (AoA)---independent from experiential factors which inarguably tend to vary with age, such as exposure, proficiency, and motivation---remains controversial. Studies in support of maturational constraints on language learning and processing continue to pervade the literature on the neurocognition of bilingualism (e.g., Abrahamsson & Hyltenstam, [2009](#cogs12450-bib-0001){ref-type="ref"}; Clahsen & Felser, [2006a](#cogs12450-bib-0014){ref-type="ref"},[b](#cogs12450-bib-0015){ref-type="ref"}; Moreno & Kutas, [2005](#cogs12450-bib-0064){ref-type="ref"}; Pakulak & Neville, [2011](#cogs12450-bib-0082){ref-type="ref"}).

1.2. The contribution of first language (L1) attrition {#cogs12450-sec-0003}
------------------------------------------------------

Unsurprisingly, much of the debate on neuroplasticity and language learning has led to investigations into speakers' L2 processing and performance. However, a unique multilingual experience that has the potential to shed new light on the neuroplasticity question is that of *L1 attrition*. Attrition has been defined as a gradual, non‐pathological negative change or loss in one\'s L1 abilities following prolonged immersion into a new linguistic environment, usually after immigration to a new country (Köpke & Schmid, [2004](#cogs12450-bib-0047){ref-type="ref"}). Attriters experience a clear shift in exposure and use from their native‐L1 to the environmental‐L2. Thus, contrary to typical L2 learners who continue to be L1‐dominant, attriters not only experience increasing L2 exposure and proficiency over time in the new country, but the L2 becomes the predominant language while use of the L1 is reduced or interrupted. This change in how the L1 is used has been recently proposed as a more general and widely encompassing definition of the phenomenon of attrition (Schmid, [2011](#cogs12450-bib-0099){ref-type="ref"}).

Investigating the neurocognitive aspects of L1 attrition logically complements research on L2 processing and is a key to inform theories on neuroplasticity and multilingualism. The corollary of the CPH---and related, milder claims of maturational constraints on language processes---is that one\'s L1 has a privileged status and is stable, as a result of having been hard‐wired or "entrenched" in the brain with early exposure (Marchman, [1993](#cogs12450-bib-0055){ref-type="ref"}; Penfield, [1965](#cogs12450-bib-0088){ref-type="ref"}). The longer one is exposed to a given language, the more entrenched that language becomes (Van Hell & Tokowicz, [2010](#cogs12450-bib-0115){ref-type="ref"}) and the less language mechanisms can be modified by L2 exposure (Pallier, [2007](#cogs12450-bib-0083){ref-type="ref"}). This argument has been proposed to explain why cross‐linguistic influence from the direction of the L1 to the L2 is so pervasive in late‐learners, in whom L1 linguistic patterns and underlying neurocognitive mechanisms are deeply entrenched (e.g., Tokowicz & MacWhinney, [2005](#cogs12450-bib-0113){ref-type="ref"}). In this view, adult attriters (who lived in an L1‐dominant context until adulthood) should deviate less from non‐attriting native speakers than young attriters (who experienced this shift in L1--L2 dominance at an earlier age). Behavioral research on attrition has supported this view (Ammerlaan, [1996](#cogs12450-bib-0002){ref-type="ref"}; Bylund, [2009](#cogs12450-bib-0011){ref-type="ref"}; Pelc, [2001](#cogs12450-bib-0087){ref-type="ref"}; see reviews by Köpke, [2004](#cogs12450-bib-0046){ref-type="ref"}, and Köpke & Schmid, [2004](#cogs12450-bib-0047){ref-type="ref"}). Similar claims have been drawn from studies on L1 language loss following international adoption---albeit an extreme case of L1 attrition. Individuals who were adopted earlier than puberty did not show evidence of residual knowledge of their L1 and were indistinguishable in their brain activation responses from native‐L2 controls (Pallier et al., [2003](#cogs12450-bib-0084){ref-type="ref"}; Ventureyra et al. [2004](#cogs12450-bib-1001){ref-type="ref"}; Ventureyra & Pallier, [2004](#cogs12450-bib-0116){ref-type="ref"}; but see Pierce, Klein, Chen, Delcenserie, & Genesee, [2014](#cogs12450-bib-0091){ref-type="ref"}). From such findings, it has been suggested that L1 attrition is subject to maturational constraints (see Pallier, [2007](#cogs12450-bib-0083){ref-type="ref"}; Schmid, [2011](#cogs12450-bib-0099){ref-type="ref"}) and that the L1 does indeed stabilize around 12 years of age (Bylund, [2009](#cogs12450-bib-0011){ref-type="ref"}).

Including attriters in the mix of multilinguals that are recruited in neurolinguistic research therefore allows us to investigate whether early exposure to a language is key in guaranteeing native‐like processing in the brain, or whether attriters' brain responses to either language are modulated by factors such as proficiency and exposure---even in the L1, and even if the shift in dominance took place in adulthood. While there has been a wealth of behavioral and anecdotal reports of L1 attrition, its neurocognitive correlates still remain to be explored.

This study uses event‐related potentials (ERPs) to examine the neurocognitive correlates of real‐time morphosyntactic processing in a group of adult attriters relative to non‐attriting native speakers. We use "Attriters" to refer to a group of first‐generation immigrants who moved from their native country (Italy) to a new country (Canada) in adulthood, and who report having experienced a shift in exposure/use and, in certain areas, in automaticity from the L1 to the L2. While behavioral studies have reliably shown that the domain of lexical‐semantics is particularly vulnerable to attrition (De Bot, [1996](#cogs12450-bib-0017){ref-type="ref"}; Hulsen, [2000](#cogs12450-bib-0032){ref-type="ref"}; Köpke, [1999](#cogs12450-bib-0045){ref-type="ref"}; Köpke & Schmid, [2004](#cogs12450-bib-0047){ref-type="ref"}; Montrul, [2008](#cogs12450-bib-0063){ref-type="ref"}; Opitz, [2011](#cogs12450-bib-0072){ref-type="ref"}; see Paradis, [2003](#cogs12450-bib-0085){ref-type="ref"}, [2007](#cogs12450-bib-0086){ref-type="ref"}), the picture has been more mixed for in the domain of morphosyntax (Ammerlaan, [1996](#cogs12450-bib-0002){ref-type="ref"}; Gürel, [2004](#cogs12450-bib-0026){ref-type="ref"}, [2007](#cogs12450-bib-2000){ref-type="ref"}; Kim, Montrul, & Yoon, [2010](#cogs12450-bib-0042){ref-type="ref"}; Schmid, [2010](#cogs12450-bib-0098){ref-type="ref"}; Schmid & Köpke, [2011](#cogs12450-bib-0101){ref-type="ref"}; Sorace, [2011](#cogs12450-bib-0103){ref-type="ref"}; Tsimpli, Sorace, Heycock, & Filiaci, [2004](#cogs12450-bib-0114){ref-type="ref"}), and it remains an open question to what extent the adult grammar of L1 speakers immersed in an L2 may show attrition.

One research group led by Monika Schmid and colleagues (Bergmann et al., [2015](#cogs12450-bib-0008){ref-type="ref"}) is currently conducting studies on L1 attrition using ERPs in German and Dutch attriters living in an English‐speaking context, compared to monolingual native speakers of German and Dutch, as well as different groups of early/late L2 learners with diverse L1‐backgrounds. Their auditory stimuli include non‐finite verb form violations (e.g., *the rose has \** [*blossom*]{.ul}), and gender agreement violations between determiner‐noun (e.g., *the* ~*neut*~ *\** [*garden*]{.ul} ~*masc*~), or determiner‐adjective‐noun (*the* ~*masc*~ *fresh \** [*grass*]{.ul} ~*neut*~). Their preliminary results indicate that L1 attriters perform like native speakers on behavioral tasks and elicit P600 effects of similar amplitude, distribution, and latency in response to all three kinds of violations, whereas late L2 learners deviate from native speakers (Bergmann et al., [2015](#cogs12450-bib-0008){ref-type="ref"}; Schmid, [2013](#cogs12450-bib-0100){ref-type="ref"}). The authors interpret these results in favor of maturational constraints on L2 processing, whereas the L1 is robust and remains native‐like even despite a shift in dominance toward the L2.

Although our work developed independently from that of Schmid and colleagues, two distinctions between their study and ours are worth noting, as these differences contribute to the novelty of our work. First, in testing gender agreement between a determiner and a noun, it can be argued that the process being investigated is largely speakers' *lexicalized* knowledge of idiosyncratic associations between a noun and its gender (and its appropriate determiner). Given that, in German or Dutch, an adjective occurring between a gender‐marked determiner and a gender‐marked noun is not inflected for gender itself, it is not possible to test attriters' and L2 learners' sensitivity to morphosyntactic agreement rules independent of the more lexicalized process of matching a noun to its arbitrary determiner. Second, although Schmid and colleagues employed several proficiency measures and matched their groups on overall proficiency, it was not one of their research goals to systematically examine whether/how individual differences in proficiency level modulated ERP responses.

In contrast, our study examines number agreement processing across three separate constituents within a sentence, each of which are inflected for number in Italian. Examining agreement processing in sentences with multiple inflected constituents also allows us to how morphosyntactic agreement is computed over a longer span within a sentence, as opposed to the detection and resolution of only local mismatches. As it has been shown that complex sentences and long‐distance dependencies are a more reliable source of differences between highly proficient L2 learners and native speakers than salient morphosyntactic violations (e.g., Clahsen & Felser, [2006a](#cogs12450-bib-0014){ref-type="ref"},[b](#cogs12450-bib-0015){ref-type="ref"}), it is possible that these structures would reveal differences between attriters and non‐attriter native speakers as well. A second aim was to examine the effect of L1‐Italian proficiency on the neurocognitive processing patterns observed among native speakers. Contributing to findings from a growing number of L2 processing studies, several researchers have shown that L1 processing in native‐monolinguals is also modulated by proficiency level (Pakulak & Neville, [2010](#cogs12450-bib-0081){ref-type="ref"}; Prat, [2011](#cogs12450-bib-0093){ref-type="ref"}). A further step is therefore to extend this line of inquiry to L1 attrition and to examine whether individual differences in L1 proficiency may relate to attrition effects at the processing level.

1.3. Number agreement processing {#cogs12450-sec-0004}
--------------------------------

Number agreement processing has been widely studied in monolingual native speakers of different languages (see review by Molinaro, Barber, & Carreiras, [2011](#cogs12450-bib-0060){ref-type="ref"}). Given that agreement patterns are subject to crosslinguistic variation, it is of interest to extend this research to bilinguals whose two linguistic systems differ in their expression of number morphology. Italian is a language with a relatively free word‐order and a rich morphological marking system where number agreement is salient and can often constrain the identification of a subject (Bates, McNew, MacWhinney, Devescovi, & Smith, [1982](#cogs12450-bib-0007){ref-type="ref"}; MacWhinney & Bates, [1989](#cogs12450-bib-0051){ref-type="ref"}). In contrast, number agreement in English is poorly signaled due to a less detailed system of morphological markers, and speakers instead rely on word‐order for sentence interpretation.

Number agreement studies conducted with late L2 learners have shown evidence of cross‐linguistic influence from the L1 onto the L2, revealing non‐native‐like processing profiles (i.e., missing LAN and/or P600) in cases where the L2 agreement properties in question did not exist in the speakers' L1 (e.g., Chen, Shu, Liu, Zhao, & Li, [2007](#cogs12450-bib-0013){ref-type="ref"}; Ojima et al., [2005](#cogs12450-bib-0071){ref-type="ref"}; Osterhout, McLaughlin, Kim, Greenwald, & Inoue, [2004](#cogs12450-bib-0077){ref-type="ref"}; Tokowicz & MacWhinney, [2005](#cogs12450-bib-0113){ref-type="ref"}). Several studies have emphasized continued neuroplasticity by showing that adult L2 learners converge on native speakers' processing patterns with continued learning and high proficiency levels (e.g., Hopp, [2010](#cogs12450-bib-0031){ref-type="ref"}; Osterhout et al., [2006](#cogs12450-bib-0078){ref-type="ref"}, [2008](#cogs12450-bib-0080){ref-type="ref"}; Rossi et al., [2006](#cogs12450-bib-0095){ref-type="ref"}). To date, online number agreement processing has not been investigated in L1 attrition, where the source of cross‐linguistic influence is the L2 rather than the L1.

Due to their excellent temporal resolution, ERPs are particularly useful for investigating real‐time processing of agreement patterns during sentence comprehension. Three components have generally been associated with the processing of number agreement violations: (a) a *left‐anterior negativity* (LAN) elicited between 300 and 500 ms, reflecting the early detection of a morphosyntactic violation (e.g., Kaan, [2002](#cogs12450-bib-0035){ref-type="ref"}; Molinaro, Vespignani et al., 2011; Osterhout & Mobley, [1995](#cogs12450-bib-0079){ref-type="ref"}); (b) an *early frontal positivity* between 500 and 700 ms, argued to reflect difficulties integrating the mismatching constituent with the previous sentence context, particularly in ambiguous or complex sentences (Barber & Carreiras, [2005](#cogs12450-bib-0005){ref-type="ref"}; Friederici, Hahne, & Saddy, [2002](#cogs12450-bib-0022){ref-type="ref"}; Kaan & Swaab, [2003](#cogs12450-bib-0037){ref-type="ref"}; Molinaro, Kim, Vespignani, & Job, [2008](#cogs12450-bib-0061){ref-type="ref"}); and (c) a *posterior P600* between 700 and 1,000 ms, indexing morphosyntactic re‐analysis and repair once the anomaly has been diagnosed, with larger and more prolonged P600s reflecting costlier repair (Carreiras, Salillas, & Barber, [2004](#cogs12450-bib-0012){ref-type="ref"}; Hagoort & Brown, [2000](#cogs12450-bib-0027){ref-type="ref"}; Molinaro, Kim et al., [2008](#cogs12450-bib-0061){ref-type="ref"}; Silva‐Pereyra & Carreiras, [2007](#cogs12450-bib-0102){ref-type="ref"}). However, it is not the case that all three components are reliably elicited in response to all number agreement violations, nor have they been quantified in the same way across studies.

LAN‐like negativities have been reported for subject‐verb number agreement violations across languages, in contrast to gender and person agreement violations which typically elicit a broadly distributed N400 (see review by Molinaro, Barber et al., [2011](#cogs12450-bib-0060){ref-type="ref"}). This dissociation has been explained in terms of strong *morphosyntactic* versus *conceptual* expectations of agreement which, when violated, elicit a LAN or N400, respectively (LAN: Molinaro, Barber et al., [2011](#cogs12450-bib-0060){ref-type="ref"}; N400: Osterhout, [1997](#cogs12450-bib-0074){ref-type="ref"}; Tanner, Mclaughlin, Herschensohn, & Osterhout, [2013](#cogs12450-bib-0111){ref-type="ref"}; Tanner, Inoue, & Osterhout, [2012](#cogs12450-bib-0110){ref-type="ref"}). Other number agreement studies, however, did not find a LAN (e.g., Balconi & Pozzoli, [2005](#cogs12450-bib-0004){ref-type="ref"}; Hagoort & Brown, [2000](#cogs12450-bib-0027){ref-type="ref"}; Hagoort, Brown, & Groothusen, [1993](#cogs12450-bib-0028){ref-type="ref"}; Nevins, Dillon, Malhotra, & Phillips, [2007](#cogs12450-bib-0069){ref-type="ref"}; Osterhout, McKinnon, Bersick, & Corey, [1996](#cogs12450-bib-0076){ref-type="ref"}) or reported a negativity with a bilateral‐anterior focus (Kaan, [2002](#cogs12450-bib-0035){ref-type="ref"}; Leinonen, Brattico, Jarvenpaa, & Krause, [2008](#cogs12450-bib-0049){ref-type="ref"}), or rather a broad N400‐like negativity (Coulson, King, & Kutas, [1998](#cogs12450-bib-0016){ref-type="ref"}), or the effect only reached significance when a *t*‐test was conducted on a small cluster of anterior electrodes (e.g., T3, C3, F3, F7), as was the case in several Italian studies of subject‐verb number agreement (Angrilli et al., [2002](#cogs12450-bib-0003){ref-type="ref"}; De Vincenzi et al., [2003](#cogs12450-bib-0018){ref-type="ref"}; Mancini, Vespignani, Molinaro, Laudanna, & Rizzi, [2009](#cogs12450-bib-0054){ref-type="ref"}; Molinaro, Barber et al., [2011](#cogs12450-bib-0060){ref-type="ref"}). In Italian, the lack of a robust LAN has been attributed to the flexible word‐order which allows a subject to follow a verb in a given sentence, thus weakening expectations of agreement between a sentence‐initial noun and a subsequent verb (Molinaro, Barber et al., [2011](#cogs12450-bib-0060){ref-type="ref"}).

Similarly, the distinction between the prototypical (posterior) P600 and an earlier (more fronto‐central) positivity has not consistently been made, given that the majority of number agreement studies quantified their P600 *only* in the earlier time window between 500 and 750 ms where others quantified the frontal positivity (Angrilli et al., [2002](#cogs12450-bib-0003){ref-type="ref"}; De Vincenzi et al., [2003](#cogs12450-bib-0018){ref-type="ref"}; Hagoort et al., [1993](#cogs12450-bib-0028){ref-type="ref"}; Hagoort, [2003](#cogs12450-bib-5000){ref-type="ref"}; Osterhout & Mobley, [1995](#cogs12450-bib-0079){ref-type="ref"}; Osterhout et al., [1996](#cogs12450-bib-0076){ref-type="ref"}; Roehm, Bornkessel, Haider, & Schlesewsky, [2005](#cogs12450-bib-0094){ref-type="ref"}). Only a few studies actually examined separate positivity windows, describing the effect between 500 and 700 ms as an early phase of the P600 with a more central (if not primarily frontal) distribution, in contrast to a later P600 phase extending from about 700--1,000 ms and limited to posterior areas (Barber & Carreiras, [2005](#cogs12450-bib-0005){ref-type="ref"}; Hagoort & Brown, [2000](#cogs12450-bib-0027){ref-type="ref"}; Kaan, Harris, Gibson, & Holcomb, [2000](#cogs12450-bib-0036){ref-type="ref"}; Kaan, [2002](#cogs12450-bib-0035){ref-type="ref"}; Kaan & Swaab, [2003](#cogs12450-bib-0037){ref-type="ref"}; Molinaro, Kim et al., [2008](#cogs12450-bib-0061){ref-type="ref"}, 2011; Silva‐Pereyra & Carreiras, [2007](#cogs12450-bib-0102){ref-type="ref"}). Advocates for the claim that the P600 is not a monolithic component have taken such modulations in scalp distribution and timing as evidence that different positivities reflect distinct neurocognitive processes. In the agreement literature, the early/frontal positivity has been argued to represent the diagnosis of the incongruence while accessing non‐syntactic, discourse‐level information to detect the source of the error[1](#cogs12450-note-1001){ref-type="fn"} (see Molinaro, Barber, et al., [2011](#cogs12450-bib-0060){ref-type="ref"}). The late P600, in contrast, has been discussed as reflecting mechanisms of re‐analysis and repair that are necessary to establish a well‐formed sentence (see related "Diagnosis and Repair" theory by Fodor & Inoue, [1998](#cogs12450-bib-1000){ref-type="ref"}, discussed in Friederici, Mecklinger, Spencer, Steinhauer, & Donchin, [2001](#cogs12450-bib-0023){ref-type="ref"} for garden‐path sentences). The finding of larger "late P600s" in sentence contexts involving costlier repair supports this claim (Barber & Carreiras, [2005](#cogs12450-bib-0005){ref-type="ref"}; Molinaro, Vespignani & Job, 2008; Silva‐Pereyra & Carreiras, [2007](#cogs12450-bib-0102){ref-type="ref"}).

Given that agreement studies have not uniformly investigated different positivities as reflecting potentially distinct processing stages, it remains unclear to date what factors may modulate these early/late positivities, and how consistent these ERP effects even are for different kinds of number agreement violations across languages or speakers.

1.4. This study {#cogs12450-sec-0005}
---------------

Our study was based on a previous experiment conducted with Italian monolinguals by Molinaro, Vespignani, et al. ([2011](#cogs12450-bib-0062){ref-type="ref"}) (Experiment 1). Number agreement was manipulated between 3 sentence positions: (a) subject; (b) verb; and (c) an adjective modifying the subject‐noun (e.g., *I* [*lavoratori*]{.ul} [*tornano*]{.ul} *dalla fabbrica* [*sporchi*]{.ul} *di grasso*/*The* [*workers*]{.ul} ^*(pl)*^ [*return*]{.ul} ^*(pl)*^ *from the factory* [*dirty*]{.ul} ^*(pl)*^ *with grease*). Four experimental conditions (Table** ** [1](#cogs12450-tbl-0001){ref-type="table-wrap"}), reflecting the four possible combinations of (dis‐)agreement between the three sentence positions, were compared: (a) *Correct* ("xxx"); (b) *Inconsistent verb* ("xyx"); (c) *Inconsistent noun phrase* ("xyy"); and (d) *Inconsistent modifier* ("xxy"). Following these authors (but contrary to the majority of agreement studies), ERP correlates of morphosyntactic processing were examined on *two* target words: the *verb* and the *modifier*.

###### 

Experimental stimuli by condition

  Condition                                    Subject‐Noun                  [Verb]{.ul}          Intervening Phrase          [Modifier]{.ul}    Prepositional Phrase
  -------------------------------------------- ----------------------------- -------------------- --------------------------- ------------------ ----------------------
  [**xxx**]{.ul} **: Correct**                 **x**                         **x**                                            **x**              
  Singular                                     Il lavoratore                 [torna]{.ul}         dalla fabbrica              [sporco]{.ul}      di grasso
  *The worker* ^*(sg)*^                        [*returns*]{.ul} ^*(sg)*^     *from the factory*   [*dirty*]{.ul} ^*(sg)*^     *with grease*      
  Plural                                       I lavoratori                  [tornano]{.ul}       dalla fabbrica              [sporchi]{.ul}     di grasso
  *The workers* ^*(pl)*^                       [*return*]{.ul} ^*(pl)*^      *from the factory*   [*dirty*]{.ul} ^*(pl)*^     *with grease*      
  [**xyx**]{.ul} **: Inconsistent verb**       **x**                         **y**                                            **x**              
  Singular                                     Il lavoratore                 [\*tornano]{.ul}     dalla fabbrica              [sporco]{.ul}      di grasso
  *The worker* ^*(sg)*^                        [*\*return*]{.ul} ^*(pl)*^    *from the factory*   [*dirty*]{.ul} ^*(sg)*^     *with grease*      
  Plural                                       I lavoratori                  [\*torna]{.ul}       dalla fabbrica              [sporchi]{.ul}     di grasso
  *The workers* ^*(pl)*^                       [*\*returns*]{.ul} ^*(sg)*^   *from the factory*   [*dirty*]{.ul} ^*(pl)*^     *with grease*      
  [**xyy**]{.ul} **: Inconsistent noun**       **x**                         **y**                                            **y**              
  Singular                                     Il lavoratore                 [\*tornano]{.ul}     dalla fabbrica              [sporchi]{.ul}     di grasso
  *The worker* ^*(sg)*^                        [*\*return*]{.ul} ^*(pl)*^    *from the factory*   [*dirty*]{.ul} ^*(pl)*^     *with grease*      
  Plural                                       I lavoratori                  [\*torna]{.ul}       dalla fabbrica              [sporco]{.ul}      di grasso
  *The workers* ^*(pl)*^                       [*\*returns*]{.ul} ^*(sg)*^   *from the factory*   [*dirty*]{.ul} ^*(sg)*^     *with grease*      
  [**xxy**]{.ul} **: Inconsistent modifier**   **x**                         **x**                                            **y**              
  Singular                                     Il lavoratore                 [torna]{.ul}         dalla fabbrica              [\*sporchi]{.ul}   di grasso
  *The worker* ^*(sg)*^                        [*returns*]{.ul} ^*(sg)*^     *from the factory*   [*\*dirty*]{.ul} ^*(pl)*^   *with grease*      
  Plural                                       I lavoratori                  [tornano]{.ul}       dalla fabbrica              [\*sporco]{.ul}    di grasso
  *The workers* ^*(pl)*^                       [*return*]{.ul} ^*(pl)*^      *from the factory*   [*\*dirty*]{.ul} ^*(sg)*^   *with grease*      

Number was counterbalanced such that the subject noun was either singular or plural. English translations are presented in italics. Target words (verb, modifier) are underlined. The asterisk marks the point of first violation.
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Although the original study did not test the fourth condition (*xxy*) and our stimuli were not identical, we expected processing patterns in our native‐monolingual Italian speakers to largely replicate the findings of the previous study. On the verb, Italian native speakers had elicited a LAN[2](#cogs12450-note-1002){ref-type="fn"} (350--450 ms) followed by an early (500--800 ms) and late (800--100 ms) P600 in response to subject‐verb number mismatches. On the modifier, the authors found support of their "*Repair hypothesis*" which stipulates that the easiest way to process a number mismatch occurring early in a sentence is to repair this mismatch based on the number of the constituent on which it is detected (i.e., the verb), and to pursue this repaired/grammatical interpretation for the remainder of the sentence (i.e., integrating the modifier into the revised internal representation of the sentence). The modifier elicited a long‐lasting P600 (with no preceding LAN) when it clashed with the verb (*xyx*), but not when it was congruent with the repaired version of the sentence (*xyy*). For both the verb and the modifier, the positivity showed a different scalp distribution depending on the processing stage; in the earlier time window (500--800 ms), the positivity was larger at fronto‐central than posterior sites, whereas the later P600 (800--1,000 ms) was mainly posterior.

Extending this paradigm to the study of bilingualism and attrition, our goals were to examine the potential changes in the online detection and repair strategies in attriters' L1 morphosyntax. Specifically, we assessed whether (a) attriters differed from non‐attriter native speakers (Controls) in their behavioral and/or ERP response patterns (e.g., amplitude and/or distributional differences in the negativity, frontal positivity and P600); and whether (b) differences in processing were modulated by L1‐proficiency, L2‐to‐L1 transfer and/or characteristics specific to attriters' socio‐linguistic circumstances (e.g., length of residence, age at immigration, amount of exposure to L1 relative to L2). For example, Attriters might elicit a more robust negativity in response to subject‐verb number agreement violations, as a result of L2‐English influence (stronger expectations of subject‐verb agreement in English than Italian). Differences in online morphosyntactic re‐analysis and repair strategies might also be found in the P600 time‐windows. Unlike native‐monolinguals who have been shown not to elicit a P600 effect in response to the repair condition (*xxy*), Attriters may process these sentences as morphosyntactic violations. Modulations in amplitude and duration of frontal and posterior positivities would reflect qualitatively different processing strategies, with larger and more prolonged P600s indicating more elaborated sentence repair (Molinaro et al., [2008](#cogs12450-bib-0061){ref-type="ref"}).

Not only is this one of the earliest ERP investigations of L1 attrition, but also the first experiment to examine online morphosyntactic processing in attriters at multiple points in a given sentence, in an attempt to determine whether Attriters detect and recover from erroneous analyses in the same way as non‐attriting Italian native speakers.

2. Methods {#cogs12450-sec-0006}
==========

2.1. Participants {#cogs12450-sec-0007}
-----------------

Participants in the attrition group consisted of 24 Italian native speakers (14 female; *M* ~age~: 36; range: 25--50) who had immigrated to Canada in adulthood (*M* ~age~ at immigration (AoA of English)[3](#cogs12450-note-1003){ref-type="fn"}  = 28.2 years; *M* length of residence = 11 years). All participants reported having a very limited use of their native Italian, and having noticed changes or difficulties in their native‐Italian fluency as a result of their predominant use of English. Based on these unanimous self‐reports of changes to L1 exposure and L1 difficulties while immersed in an L2 context, we refer to these individuals as "Attriters." Considering the cross‐linguistic similarity between Italian and French, we only recruited attriters who had minimal knowledge or use of French (although living in Montreal).

Thirty Italian native speakers residing in Italy were recruited as a control group (17 female; *M* ~age~: 31; range = 25--54). Participants had minimal exposure to second languages (including English and Italian dialects), which we operationally defined as \< 5 h per week.

All participants but one were right‐handed and with no known history of neurological disorders.

2.2. Behavioral measures {#cogs12450-sec-0008}
------------------------

Participants completed a background questionnaire pertaining to their demographic information (age, gender, education level), and language background. Attriters answered additional questions about their immigration history, first language exposure/use, motivation to maintain or achieve native‐like proficiency in each language, and identity/attitudes toward each language and culture.

All participants (including Controls) completed four proficiency measures: (a) a *written self‐report measure* where they were asked to rate their proficiency level on a scale from 1 to 7 in listening comprehension, reading comprehension, pronunciation, fluency, vocabulary, and grammatical ability; (b) a *written* C‐test (Italian version: Kraš, [2008](#cogs12450-bib-0048){ref-type="ref"}), where they were asked to fill in the blanks in five short texts in which twenty words in each text had been partially deleted; (c) a *written error‐detection test* designed specifically for this study, where participants had to detect and correct a number of errors in two separate texts; and lastly, (d) a timed *verbal semantic fluency task* where participants were asked to produce as many vocabulary items from two categories ("animals" and "fruits and vegetables") as possible within 1 min. Participants also completed (a) a timed *reading fluency task* where they had to silently read and answer as many true‐false statements as possible in 3 min (Woodcock, McGrew, Mather, & Schrank, [2003](#cogs12450-bib-0121){ref-type="ref"}; adapted into Italian for this study); and (b) the *letter‐number‐sequencing task* from the Italian WAIS‐IV as a measure of working memory (Orsini & Pezzuti, [2013](#cogs12450-bib-0073){ref-type="ref"}). The purpose of these tasks was to ensure that group differences were not due to differences in reading speed and/or working memory capacity, given the rapid‐serial‐visual presentation mode of the sentence stimuli during the ERP experiment. Group means are provided in Table** ** [2](#cogs12450-tbl-0002){ref-type="table-wrap"}. Although Attriters scored numerically lower on all four proficiency measures, they did not differ significantly from Controls (*p *\>* *.1).

###### 

Group means (standard deviation) for proficiency and control tasks (*p*s \> .1)

  Behavioral Measures                                   Controls (*n* = 30)   Attriters (*n* = 24)
  ----------------------------------------------------- --------------------- ----------------------
  Self‐report of proficiency (7‐point scale)            7 (0)                 6.87 (0.2)
  Listening comprehension                               7 (0)                 7 (0)
  Reading comprehension                                 7 (0)                 7 (0)
  Pronunciation                                         7 (0)                 6.96 (0.2)
  Fluency                                               7 (0)                 6.79 (0.6)
  Vocabulary                                            7 (0)                 6.63 (0.7)
  Grammar                                               7 (0)                 6.83 (0.4)
  C‐test (%)                                            96.3 (4.4)            95.2 (4.6)
  Error‐detection test (%)                              90.0 (5.1)            89.5 (5.9)
  Verbal semantic fluency (average of two categories)   23.4 (5.5)            21.5 (3.9)
  Reading fluency (no. correct in 3 min)                71.6 (13.0)           75.3 (15.0)
  Working memory                                                              
  Correct                                               11.2 (2.7)            11.9 (2.6)
  Span                                                  5.4 (1.1)             5.7 (1.1)

John Wiley & Sons, Ltd

Subgroups of "*high*" and "*low*" proficiency were derived by median split. Note that, for the sake of brevity, we refer to individuals in the lower range as "low proficiency," but it is obvious that their proficiency level is not "low" in the conventional sense of the word. *High* and *low* proficiency subgroups differed significantly on all measures except working memory (WM) span, but especially on the written measures (Table** ** [3](#cogs12450-tbl-0003){ref-type="table-wrap"}). High and low proficiency Attriters differed significantly on all measures (including WM), whereas high and low proficiency Controls only differed on the two written proficiency tests. Numerically, low proficiency Attriters scored lower than low proficiency Controls on all proficiency measures, but differences were not significant (*p*s \> .1). *High* and *low* subgroups of Attriters did not differ significantly on their age at testing (*p *=* *.2), AoA (*p *=* *.8), or length of residence (*p *=* *.1).

###### 

Proficiency subgroup means (standard deviation) for proficiency and control tasks. HP and LP are denotations for "higher" or "lower" proficiency, although L1 proficiency is not "low" in the conventional sense of the word

  Behavioral Measures                       Controls                   Attriters                                                     All                                                                                       
  ----------------------------------------- ------------ ------------- ----------------------------------------------- ------------- ------------- ----------------------------------------------- ------------- ------------- ---------------------------------------------
  Self‐report of proficiency (7pt. scale)   7 (0)        7 (0)         --                                              6.97 (0.1)    6.74 (0.3)                                                    6.9 (0.1)     6.8 (0.2)     NS
  Listening comprehension                   7 (0)        7 (0)         --                                              7 (0)         7 (0)         --                                              7 (0)         7 (0)         --
  Reading comprehension                     7 (0)        7 (0)         --                                              7 (0)         7 (0)         --                                              7 (0)         7 (0)         --
  Pronunciation                             7 (0)        7 (0)         --                                              7 (0)         6.9           NS                                              7 (0)         6.9 (0.2)     NS
  Fluency                                   7 (0)        7 (0)         --                                              7 (0)         6.5           NS                                              7 (0)         6.8 (0.6)     [\*](#cogs12450-note-0002){ref-type="fn"}
  Vocabulary                                7 (0)        7 (0)         --                                              6.9           6.3           [\*](#cogs12450-note-0002){ref-type="fn"}       6.9 (0.2)     6.7 (0.6)     [\*](#cogs12450-note-0002){ref-type="fn"}
  Grammar                                   7 (0)        7 (0)         --                                              6.9           6.7           NS                                              6.9 (0.2)     6.8 (0.3)     NS
  C‐test (%)                                98.8 (1.1)   93.6 (2.8)    [\*\*\*](#cogs12450-note-0002){ref-type="fn"}   97.6 (2.7)    92.3 (4.7)    [\*\*\*](#cogs12450-note-0002){ref-type="fn"}   98.2 (2.1)    93.0 (3.7)    [\*\*](#cogs12450-note-0002){ref-type="fn"}
  Error‐detection test (%)                  94.6 (3.4)   86.2 (4.3)    [\*\*\*](#cogs12450-note-0002){ref-type="fn"}   93.9 (3.6)    84.3 (3.4)    [\*\*\*](#cogs12450-note-0002){ref-type="fn"}   94.3 (3.6)    85.4 (3.9)    [\*\*](#cogs12450-note-0002){ref-type="fn"}
  Verbal semantic fluency (average)         23.5 (6.9)   21.6 (5.6)    NS                                              23.8 (3.0)    18.9 (3.3)    [\*\*\*](#cogs12450-note-0002){ref-type="fn"}   23.6 (5.3)    20.5 (4.9)    [\*](#cogs12450-note-0002){ref-type="fn"}
  Reading fluency (No. correct)             73.4 (9.1)   70.0 (15.8)   NS                                              82.4 (12.4)   66.8 (13.9)   [\*\*](#cogs12450-note-0002){ref-type="fn"}     77.7 (68.7)   68.7 (14.8)   [\*](#cogs12450-note-0002){ref-type="fn"}
  Working memory                                                                                                                                                                                                               
  Correct                                   11.5 (2.4)   10.9 (2.9)    NS                                              13.2 (2.7)    10.5 (1.5)    [\*\*](#cogs12450-note-0002){ref-type="fn"}     12.3 (2.7)    10.7 (2.4)    [\*](#cogs12450-note-0002){ref-type="fn"}
  Span                                      5.4 (1.1)    5.3 (1.3)     NS                                              6.2 (1.2)     5.1 (0.7)     [\*](#cogs12450-note-0002){ref-type="fn"}       5.8 (1.2)     5.2 (1.1)     NS

\**p *\<* *.05; \*\**p *\<* *.01; \*\*\**p *\<* *.005; NS = not significant (*p* \> .1).
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2.3. Stimuli {#cogs12450-sec-0009}
------------

Sentence examples from all four conditions of the ERP study are provided in Table** ** [1](#cogs12450-tbl-0001){ref-type="table-wrap"}. The experimental stimuli consisted of eight‐word sentences containing two target words: (a) a lexical *verb* (in third position); and (b) a *modifier* (in sixth position). Each sentence began with a masculine, animate subject noun phrase. The determiner matched the noun in number, as we were not interested in creating determiner‐noun mismatches. Half of the subject‐nouns were plural, and half singular. The verb and the modifier were separated by two constituents---a function word and an inanimate noun. This time lag was necessary to provide enough time for a possible structural re‐analysis and to allow for slow‐going ERP waves such as the P600 elicited by the verb to return to baseline prior to the presentation of the modifier. The intervening noun was inanimate and feminine in gender to eliminate ambiguity that would lead readers to attach the modifier to the intervening noun rather than to the subject‐noun. In cases where the verb was intransitive (52.5%), the intervening phrase was a prepositional phrase, while for transitive sentences (47.5%), the intervening words consisted of a noun phrase (determiner + direct object noun). Sentences always ended with a prepositional phrase, in order for sentence wrap‐up effects not to be confounded with effects on the modifier. Each target word contributed to each condition (counter‐balanced across subjects), thus ruling out that effects in the grand‐average were driven by contextual or lexical (frequency, length) differences between conditions. There were no repetitions of subject nouns, verbs, or modifiers across items.

Several modifications were made to the stimuli used by Molinaro, Vespignani et al. ([2011](#cogs12450-bib-0062){ref-type="ref"}; Experiment 1) which resulted in the creation of a number of new sentences. First, we balanced singular and plural versions of each sentence[4](#cogs12450-note-1004){ref-type="fn"} to minimize the predictability of our agreement combinations and the possibility of identifying violations on a superficial level. Second, we changed the tense of the verbs from the remote past ("*passato remoto*") to the present tense, as the remote past tense is subject to regional differences in Italy and is used somewhat infrequently in some regions. We additionally balanced transitivity, as the original stimuli contained an uneven proportion of intransitive and transitive sentence constructions. We also substantially reduced repetitions of non‐target segments (intervening and sentence‐final phrases). Finally, we replaced several nouns, verbs and modifiers that exceeded 10 letters in length, to ensure that words and their agreement inflections could be read in full without saccadic artifacts. Our stimuli were verified by two Italian native speakers.

A set of 120 different sentences were constructed and realized in each of the eight conditions (four main conditions × singular/plural). Eight experimental lists were created such that, across lists, each sentence contributed equally to each condition, while no sentence was repeated within any of the experimental lists. Each participant also saw 204 filler sentences, which were part of the larger study (testing Italian lexical‐semantic processing and relative clause sentences) and will be reported in forthcoming papers (see Kasparian, Vespignani, & Steinhauer, [2013a](#cogs12450-bib-0038){ref-type="ref"},[b](#cogs12450-bib-0039){ref-type="ref"}, [2014a](#cogs12450-bib-0040){ref-type="ref"},[b](#cogs12450-bib-0041){ref-type="ref"}). Out of the total of 324 pseudorandomized stimuli (120 experimental and 204 fillers) per participant, 146 sentences (approx. 45%) were acceptable (grammatically and semantically), whereas 178 were expected to receive a rating of 3 or lower on a five‐point rating scale (approx. 55%).

2.4. Procedure {#cogs12450-sec-0010}
--------------

All participants provided informed consent prior to their participation in the study. After completing the questionnaires and behavioral tasks, participants were fitted with the EEG (electroencephalogram) cap and instructed that their task would be to rate the acceptability of various Italian sentences on a scale from 1 (severely ungrammatical and/or does not make sense) to 5 (perfect). Participants were encouraged to use the entire rating scale, rather than making a categorical judgment of "unacceptable" and "acceptable" using only 1 and 5. They were asked to decide based on their own intuition what types of errors would be considered more severe than others. The rationale for using a rating scale rather than a binary acceptability judgment task was threefold: (a) among native and highly proficient speakers, a rating scale may be more sensitive to individual variation and to fine‐grained group differences than yes/no decisions; (b) to assess whether conditions showed graded response patterns (and whether these were related to graded ERP patterns); and (c) the filler sentences that were part of the larger study did not only contain outright violations but also tested infrequent/dispreferred word‐order constructions or the likelihood of cross‐linguistic co‐activation where a binary judgment would not adequately capture the range of permissibility of these constructions.

Participants were seated in a comfortable chair in a dimly lit, sound‐attenuated booth, at approximately 80 cm from the computer monitor with a *Cedrus* seven‐button RB‐740 response box placed in front of them (Cedrus Corporation, San Pedro, CA, USA). Subjects received a short demonstration to show how eye movement, blinks, and muscle movement create artifacts in the EEG signal, and they were encouraged to blink only between trials, as prompted by the image of an eye on the screen. They were instructed to carefully read each sentence until the end and to respond as quickly and as accurately as possible once the prompt appeared. A practice block of 20 sentences representative of those used in the actual experiment familiarized participants with the procedure.

Words were presented in white 40‐font Arial characters, at the center of a black background. The sentence‐final word was presented along with the period. Each trial began with the presentation of a white fixation cross for 500 ms, followed up for 200 ms by a blank screen (ISI). Each word then appeared one at a time for 300 ms (+ 200 ms ISI). A visual prompt ("???") followed the offset of the sentence‐final word, indicating the onset of the response interval. The prompt remained on the screen until participants pressed a button from 1 to 5. Immediately after their response, the image of the blue eye appeared at the center of the screen for a 2,000 ms interval for participants to blink their eyes. The next trial began after the blinking interval, with the presentation of another fixation cross. Each session lasted approximately 3 h, including setup, short breaks and cap removal. All consent forms, materials, and procedures were fully approved by the Ethics Review Board of each institution (Faculty of Medicine, McGill University and Ethical Committee for Human Research, University of Trento) for the duration of the study.

2.5. EEG recording and analysis {#cogs12450-sec-0011}
-------------------------------

The EEG was recorded continuously from 25 Ag/AgCl electrodes, 19 of which were electrodes mounted on a standard electro‐cap according to the 10--20 system (Jasper, [1958](#cogs12450-bib-0033){ref-type="ref"}), and six of which were external electrodes: four electro‐oculogram (EOG) channels placed above and below the left eye (EOGV), and at the outer canthus of each eye (EOGH), as well as two reference electrodes placed on the mastoids (A1 and A2). All electrodes were referenced online to the left mastoid (A1). Impedances were kept strictly below 5 kΩ for scalp and reference electrodes, and below 10 kΩ for EOG electrodes. Signals were amplified using NeuroScan (Canada) and BrainVision (Italy) and filtered online with a band‐pass filter of 0.1 to 100 Hz at a sampling rate of 500 Hz. Data pre‐processing and analyses were carried out using EEProbe (ANT, Enschede, Netherlands).

Offline, EEG recordings were re‐referenced to the average activity of the two mastoids[5](#cogs12450-note-1005){ref-type="fn"} and filtered with a phase‐true 0.3--40 Hz band‐pass filter. Trials containing artifacts due to blinks, eye movements, and excessive muscle activity were rejected prior to averaging, using a moving‐window (400 ms) standard deviation of 30 microvolts. On average, participants contributed 27/30 artifact‐free trials per condition (range: 54%--100%), with no differences across conditions for either target word (*p*s \> .1).

ERPs were analyzed separately on the verb (−200 to 1,200 ms) and the modifier (−200 to 1,600 ms), and were time‐locked to the onset of each target word with a baseline correction from −200 to 200 ms.[6](#cogs12450-note-1006){ref-type="fn"} ERPs were quantified in time windows corresponding to each component of interest, based on previous agreement studies and on visual inspection of the grand average data for each participant group. On the verb, the time windows were (1) 300--500 (LAN/N400); (2) 550--650 (early frontal positivity); (3) 650--1,000 (P600); and (4) 1,000--1,200 (late P600). On the modifier, slightly different time‐windows were selected based on visual inspection, especially to ensure that the negativity and positivity did not overlap in a given time window: (1) 300--500 (LAN/N400); (2) 500--600 (intermediate window); (3) 600--900 (P600); and (4) 1,000--1,300 (late P600). Note that the previous study by Molinaro, Vespignani et al. (2011) did not include a late P600 window extending beyond 1,000 ms, although figures in their paper indicate that the P600 had not yet returned to baseline at 1,000 ms.

To represent the four (dis‐)agreement conditions in our ERP analyses, we crossed two factors: *Agreement 1* (= *Ag1*), describing (dis‐)agreement between the *first* two sentence positions (i.e., subject‐noun and verb), and *Agreement 2* (= *Ag2*), describing (dis‐)agreement between the *last* two sentence positions (i.e., verb and modifier), each with two levels (*correct* and *violation*). Thus, conditions [*xx*]{.ul} *x* and [*xx*]{.ul} *y* were collapsed into *Ag1‐correct* sentences, [*xy*]{.ul} *x* and [*xy*]{.ul} *y* were *Ag1‐violation* sentences, *x* [*xx*]{.ul} and *x* [*yy*]{.ul} were *Ag2‐correct* sentences, and finally *x* [*yx*]{.ul} and *x* [*xy*]{.ul} were collapsed into *Ag2‐violation* sentences. Although, on the verb, only *Ag1* is meaningful (as the third target word has not yet been encountered), *Ag2* was included as a factor in the global [anova]{.smallcaps} for the verb position to confirm that modulations in *Ag2* had no effect. This also allowed us to conduct identical [anova]{.smallcaps}s on both target words. On the modifier, when interactions in the global [anova]{.smallcaps} motivated follow‐up comparisons by condition pairs (e.g., *xxy* vs. *xxx*), the factor "*Condition*" was used to describe the contrast (e.g., two levels: *xxy*,*xxx*). Note that statistical analyses of the correct condition in the same time windows revealed no significant group differences in ERP patterns between Controls and Attriters (all *p*s \> .1 for all verb and modifier time‐windows of interest).

Repeated‐measures [anova]{.smallcaps}s were performed separately for four midline electrodes (Fz, Cz, Pz, Oz) and 12 lateral electrodes (F3/4, C3/4, P3/4, and F7/8, T3/4, T5/6). Global [anova]{.smallcaps}s for the midline sites included within‐subject factors *Ag1* (correct, violation), *Ag2* (correct, violation), *Ant‐Post* (anterior, central, parietal, occipital), whereas lateral [anova]{.smallcaps}s additionally included factors *Hemisphere* (left, right) and *Laterality* (lateral, medial). For all [anova]{.smallcaps}s, *Group* (Controls, Attriters) and *Proficiency* (High, Low) were between‐subjects' factors.

Where appropriate, Greenhouse‐Geisser correction was applied to analyses with more than two levels (e.g., *Ant‐Post*). In these cases, the corrected *p* values but original degrees of freedom are reported. As a default, reported analyses are restricted to the midline only, except in cases where the lateral [anova]{.smallcaps}s revealed additional effects (e.g., LAN).

3. Results {#cogs12450-sec-0012}
==========

3.1. Acceptability judgments {#cogs12450-sec-0013}
----------------------------

Acceptability ratings (on a scale from 1 to 5) for each sentence condition are shown in Fig. [1](#cogs12450-fig-0001){ref-type="fig"}a. A repeated‐measures [anova]{.smallcaps} with within‐subjects factor *Condition* (xxx, xyx, xyy, xxy) and between‐subjects factor *Group* (Controls, Attriters) revealed a significant main effect of *Condition* (*F*(3, 156) = 146.99, *p *\<* *.001 after Greenhouse‐Geisser correction), but no effects or interactions with *Group* (*p*s \> .10). Follow‐up analyses indicated that the correct condition *xxx* received a significantly higher rating than violation conditions *xyx* (*F*(1, 52) = 165.17, *p *\<* *.01), *xyy* (*F*(1, 52) = 143.51, *p *\<* *.01), and *xxy* (*F*(1, 52) = 162.54, *p *\<* *.01), but that the violation conditions did not differ significantly from each other (*p *\>* *.05).

![(a) Group acceptability ratings on a scale from 1 (completely unacceptable) to 5 (perfect) by condition. Attriters do not differ overall from Controls. \**p *\<* *.05; \*\**p* \< .01. Error bars represent standard deviation. (b) Group reaction times (in seconds) by condition. Attriters were consistently slower than Controls (*p* \< .05). \**p* \< .05; \*\**p* \< .01. Error bars represent standard deviation.](COGS-41-1760-g001){#cogs12450-fig-0001}

3.2. Reaction times {#cogs12450-sec-0014}
-------------------

Reaction times between the onset of the prompt and participants' button press are shown in Fig. [1](#cogs12450-fig-0001){ref-type="fig"}b. A repeated‐measures [anova]{.smallcaps} with within‐subjects factor *Condition* (xxx, xyx, xyy, xxy) and between‐subjects factor *Group* (Controls, Attriters) revealed a significant main effect of *Condition* (*F*(3, 156) = 6.958, *p *\<* *.01), as well as a significant main effect of *Group* (*F*(3, 156) = 6.263, *p *\<* *.05), but no significant interaction between *Condition* × *Group* (*p *\>* *.1), indicating that Attriters took longer to respond overall than the Controls. Follow‐up analyses indicated that response times to the correct *xxx* condition were significantly longer than response times for *xyx* violations (*F*(1, 52) = 10.03, *p *\<* *.01) and *xyy* violations (*F*(1, 52) = 10.03, *p *\<* *.05) but not significantly different from response times for *xxy* violations (*p *\>* *.1), suggesting that participants were faster in responding to sentences where a violation was already present on the verb than when the two‐first constituents agreed in number. The *xxy* condition only marginally differed from *xyx* (*F*(1, 52) = 3.36, *p *=* *.07) and *xyy* violations (*F*(1, 52) = 3.47, *p *=* *.07).

3.3. ERPs elicited at the verb position {#cogs12450-sec-0015}
---------------------------------------

Grand average ERP waveforms for *Ag1* (subject‐verb) conditions time‐locked to the verb are presented in Fig. [2](#cogs12450-fig-0002){ref-type="fig"}a (Controls) and Fig. [2](#cogs12450-fig-0002){ref-type="fig"}b (Attriters).

![Event‐related potentials (ERPs) elicited by the verb in response to *Ag1* violations (red) compared to *Ag1* correct (green) in Controls (a) and Attriters (b). Time ranges (in milliseconds) depicted on the *x*‐axis are relative to the onset of the verb (0 ms). Negative values are plotted up. Voltage maps illustrate the scalp distribution of the effects observed for the time windows of interest.](COGS-41-1760-g002){#cogs12450-fig-0002}

In Controls, subject‐verb violations elicited a small left‐temporal negativity (LTN) localized primarily at T5 between 300 and 500 ms (Fig. [3](#cogs12450-fig-0003){ref-type="fig"}a), followed by a frontal positivity between 550 and 650 ms and a large posterior P600 lasting until 1,200 ms. Attriters showed a prominent negativity between 300 and 500 ms which was primarily distributed over left and midline sites (Fig. [3](#cogs12450-fig-0003){ref-type="fig"}b), followed by a frontal positivity between 550 and 650 ms, and a large P600 which appeared to be shorter in duration (lasting until 1,000 ms) and less focal (less posterior) than in Controls. These observations were confirmed by our statistical analyses.

![A comparison of electrodes T5 (left), Pz (midline), and T6 (right) for *Ag1* violations (red) relative to *Ag1* correct (green) in Controls and Attriters. Time ranges (in milliseconds) depicted on the *x*‐axis are relative to the onset of the verb (0 ms). Negative values are plotted up. The negativity elicited in Controls is focused at T5, whereas it is broadly distributed for Attriters.](COGS-41-1760-g003){#cogs12450-fig-0003}

### 3.3.1. Negativity between 300 and 500 ms {#cogs12450-sec-0016}

The global [anova]{.smallcaps} in the 300--500 ms time window for midline electrodes revealed a significant main effect of *Ag1* (*F*(1, 50) = 16.63, *p *\<* *.001) and a significant *Ag1 *×* Group* interaction (*F*(1, 50) = 5.27, *p *\<* *.05). No interactions with *Ant‐Post* or *Proficiency* reached significance (*p*s \> .1). Follow‐ups by *Group* demonstrated a significant main effect of *Ag1* in Attriters (*F*(1, 23) = 18.54, *p *\<* *.001) but not in Controls (*p *\>* *.1), confirming that only Attriters elicited a broadly distributed negativity on the midline when processing a verb that mismatched in number with the preceding subject‐noun.

The lateral global [anova]{.smallcaps} revealed a significant main effect of *Ag1* (*F*(1, 50) = 15.31, *p* \< .0001) and a significant *Ag1* × *Hemi* interaction (*F*(1, 50) = 7.95, *p *\<* *.01), reflecting a stronger negativity over left sites (*F*(1, 50) = 21.38, *p *\<* *.0001) rather than right (*F*(1, 50) = 5.83, *p *\<* *.05). Unlike at the midline, the interaction between *Ag1* × *Group* was marginal (*F*(1, 50) = 2.89, *p *=* *.09), as was the interaction between *Ag1 *× *Group *× *Laterality* (*F*(1, 50) = 3.45, *p *=* *.07). Follow‐up analyses by *Laterality* supported the group differences observed during visual inspection: At medial sites, a significant main effect of *Ag1* (*F*(1, 50) = 15.93, *p *\<* *.001) was qualified by a significant *Ag1 *× *Group* interaction (*F*(1, 50) = 5.12, *p *\<* *.05), where Attriters elicited a significant negativity (*Ag1*:*F*(1, 23) = 14.78, *p *\<* *.001), but Controls did not (*p *\>* *.1). At lateral sites, however, the [anova]{.smallcaps} revealed a significant main effect of *Ag1* (*F*(1, 50) = 10.96*, p *\<* *.01) and no significant interaction with *Group* (*p* \> .1), indicating that the negativity was shared by both groups at lateral electrodes. No significant differences were found between *Proficiency* subgroups (*p*s \> .1).

### 3.3.2. Frontal positivity between 550 and 650 ms {#cogs12450-sec-0017}

Between 550 and 650 ms, the positivity elicited by *Ag1* violations relative to correct sentences reached statistical significance across groups (*Ag1*:*F*(1, 50) = 12.31, *p *\<* *.001) and was qualified by a significant *Ag1 *× *Ant‐Post* interaction (*F*(3, 150) = 7.34, *p *\<* *.005), reflecting that the positivity was most robust at Fz (*F*(1, 50) = 19.24, *p *\<* *.0001) than at more posterior electrodes (Cz: *p *\<* *.005; Pz: *p *\<* *.01; Oz: *p *\>* *.1). The frontal positivity did not statistically differ by *Group* or *Proficiency* (*p*s \> .1).

### 3.3.3. P600 between 650 and 1,000 ms {#cogs12450-sec-0018}

A highly significant main effect of *Ag1* (*F*(1, 50) = 36.26, *p *\<* *.0001) was qualified by a significant interaction with factor *Ant‐Post* (*F*(3, 150) = 17.56, *p *\<* *.0001), reflecting the posterior distribution of the P600 (Fz: *p *=* *.05; Cz: *p *\<* *.0001; Pz: *p *\<* *.0001; Oz: *p *\<* *.0001). Surprisingly, the expected interaction with factor *Proficiency* did not reach significance (*p*s \> .1) in the global [anova]{.smallcaps} (but see correlational analyses below). The lack of a significant *Group* interaction points to a P600 effect of similar amplitude and scalp distribution for Controls and Attriters in this time window.

Correlations revealed that P600 amplitude at Pz (where the effect was maximal) was positively correlated with the C‐test (*r *=* *.320, *p *\<* *.05) and verbal semantic fluency (*r *=* *.345, *p *\<* *.01), such that individuals with higher Italian proficiency scores elicited a larger P600 effect in response to subject‐verb number agreement mismatches.[7](#cogs12450-note-1007){ref-type="fn"}

### 3.3.4. Late P600 between 1,000 and 1,200 ms {#cogs12450-sec-0019}

In this late interval, *Ag1* violations elicited a posterior P600 (*Ag1*:*F*(1, 50) = 27.44, *p *\<* *.0001; *Ag1 *× *Ant‐Post*:*F*(3, 150) = 26.63, *p *\<* *.0001) compared to correct sentences. A significant interaction with factor *Group* (*F*(1, 50) = 10.33, *p *\<* *.005) indicated that this effect was present in the Controls (*F*(1, 29) = 21.79, *p *\<* *.0001) but not the Attriters (*p *\>* *.1). *Proficiency* was not a meaningful factor in this late P600 time window (*p*s \> .1), in contrast to the previous P600 window (Fig.** ** [4](#cogs12450-fig-0004){ref-type="fig"}). Correlational analyses confirmed that proficiency scores did not modulate the P600 in this late interval (*p*s \> .1).

![P600 difference waves (*Ag1* violation---correct) at Pz emphasizing proficiency differences (LP in red \< HP in black) in the early time window (a) but group differences (Attriters in red \< Controls in black) in the late time window (b).](COGS-41-1760-g004){#cogs12450-fig-0004}

3.4. ERPs elicited at the modifier position {#cogs12450-sec-0020}
-------------------------------------------

On the modifier, condition *xxy* was expected to elicit a large negativity followed by a large P600, as it constituted the most salient number agreement violation out of the four conditions. To replicate Molinaro et al.'s reports that subject‐noun number mismatches are repaired on the basis of verb number before the modifier is subsequently integrated into the sentence, we would expect that condition *xyy* would not differ from condition *xxx* on the modifier, but that condition *xyx* would elicit violation effects. Finally, we expected ERP patterns to be affected by group membership and/or by Italian proficiency.

ERP waveforms for the *xxy* condition versus *xxx* for each group (Fig.** ** [5](#cogs12450-fig-0005){ref-type="fig"}) illustrate that Controls and Attriters show a similar pattern, namely a large, broadly distributed N400‐like negativity (most prominent at medial electrodes) followed by a large parietal P600. In the Attriters, the P600 is also present at frontal sites, while no frontally distributed positivity is discernible in Controls. The scalp distribution and duration of the negativity seem to be influenced by proficiency (Fig. ** ** [6](#cogs12450-fig-0006){ref-type="fig"}), with lower proficiency individuals eliciting a less left‐lateralized and longer lasting negativity (until 600 ms). The P600 appears to be differentially modulated both proficiency level (600--900 ms) and by group (1,000--1,300 ms), with lower proficiency individuals eliciting a less focal P600 of smaller amplitude in the earlier time window, and Attriters eliciting a shorter lived P600 than Controls.

![Event‐related potentials (ERPs) elicited by the modifier in response to *xxy* violations (purple) compared to *xxx* (green) shown at the midline for Controls (a) and Attriters (b). Voltage maps illustrate that the topography of the effects are similar in both groups, but the P600 in Attriters appears less focal and shorter in duration.](COGS-41-1760-g005){#cogs12450-fig-0005}

![Event‐related potentials (ERPs) elicited by the modifier for *xxy* violations (purple) compared to *xxx* (green) in High Proficiency (a) versus Low Proficiency (b) groups. Low proficiency individuals show a less frontal and longer lasting negativity, as well as a weaker P600 effect relative to High Proficiency speakers.](COGS-41-1760-g006){#cogs12450-fig-0006}

This differential proficiency/group effect on different slices of the P600 is further illustrated with difference waves in Fig.** ** [7](#cogs12450-fig-0007){ref-type="fig"} and is reminiscent of the pattern we had observed on the verb in Fig. [4](#cogs12450-fig-0004){ref-type="fig"}.

![P600 difference waves (*xxy*--*xxx*) at Pz emphasizing proficiency differences (LP in red \< HP in black) in the early time window (a) but group differences (Attriters in red \< Controls in black) in the late time window (b).](COGS-41-1760-g007){#cogs12450-fig-0007}

Comparisons of violation conditions *xyx* and *xyy* with the correct condition *xxx* (Fig.** ** [8](#cogs12450-fig-0008){ref-type="fig"}) show that, in Controls, the *xyx* condition elicits a P600 starting around 650 ms, whereas the *xyy* condition seem to largely overlap with the correct control condition in the P600 interval. In contrast, Attriters seem to show a clear P600 effect for both violation conditions, relative to correct sentences.

![Event‐related potentials (ERPs) elicited by the modifier in response to *xyx* (red) and *xyy* (pink) violations relative to *xxx* at the most representative electrode (Pz). In Controls, *xyy* seems to elicit a smaller P600 than *xyx* violations, consistent with the "Repair hypothesis." In Attriters, both violations seem to overlap and to elicit a P600 effect.](COGS-41-1760-g008){#cogs12450-fig-0008}

### 3.4.1. Negativity (LAN/N400) between 300 and 500 ms {#cogs12450-sec-0021}

The global [anova]{.smallcaps} in the 300--500 ms time window for midline electrodes revealed a significant main effect of *Ag2* (i.e., agreement between verb and modifier; *F*(1, 50) = 11.92, *p *\<* *.001) as well as a main effect of *Ag1* (i.e., agreement between subject and verb; *F*(1, 50) = 6.14, *p *\<* *.05), which were qualified by a significant interaction between *Ag1 *× *Ag2* (*F*(1, 50) = 17.57, *p *\<* *.0001). *Ag1* × *Ant‐Post* was also significant (*F*(3, 150) = 4.74, *p *\<* *.005), as was *Ag2* × *Ant‐Post* × *Proficiency* (*F*(3, 150) = 2.68, *p *\<* *.05) and *Ag2* × *Ag1* × *Ant‐P*o*st* (*F*(3, 150) = 3.80, *p *\<* *.05). Interactions with *Group* did not reach significance, indicating that the negativity was shared between Controls and Attriters.

Given that our predictions as well as visual inspection of the data pointed to the negativity being primarily driven by the *xxy* condition, we proceeded directly to investigating follow‐up analyses by condition pairs (which was motivated by significant *Ag2* × *Ag1* interactions). The only comparison that revealed significant effects in the negativity time‐window was *xxy* versus *xxx. Condition* was found to be highly significant (*F*(1, 50) = 25.31, *p *\<* *.0001), as was *Condition* × *Ant‐Post* (*F*(1, 50) = 4.58, *p *\<* *.005). These effects were qualified by a significant *Condition* × *Ant‐Post* × *Proficiency* interaction (*F*(3, 150) = 3.14, *p *\<* *.05). Follow‐up analyses by *Proficiency* indicated that the negativity was present in both subgroups ([High]{.ul}: *Cond*:*F*(1, 26) = 10.01*, p *\<* *.005; *Cond *× *Ant‐Post*:*F*(3, 78) = 3.30, *p *\<* *.05; [Low]{.ul}: *Cond*:*F*(1, 26) = 15.67, *p *\<* *.001; *Cond *× *Ant‐Post*:*F*(3, 78) = 4.84, *p *\<* *.001) but that it differed in its scalp distribution. While the effect was frontally predominant in the higher proficiency subgroup (Fz: *p *\<* *.05; Cz: *p *=* *.05; Pz and Oz: *p *\>* *.1), it was predominant at Pz in lower proficiency individuals (Fz: *p *\>* *.05; Cz: *p *\<* *.05; Pz: *p *\<* *.001; Oz: *p *\<* *.01).

Correlational analyses supported the [anova]{.smallcaps} results that the scalp distribution of the negativity in the *xxy* condition was influenced by Italian proficiency. Proficiency scores positively correlated with *xxy* versus *xxx* amplitude at Pz (C‐test: *r *=* *.293, *p *\<* *.01) but negatively with the effect at Fz (*Error‐detection test*:*r *=* *−.210, *p *\<* *.05), demonstrating that the negativity was more enhanced at frontal sites in higher proficiency individuals.

### 3.4.2. Intermediate time window between 500 and 600 ms {#cogs12450-sec-0022}

This intermediate time window was selected to corroborate the grand‐average data depicting an ongoing negativity only for lower proficiency individuals. The midline [anova]{.smallcaps} revealed a significant main effect of *Ag1* (*F*(1, 50) = 5.61, *p *\<* *.05), but not of *Ag2* (*p *\>* *.1), as well as a significant interaction between *Ag2 *× *Ag1* (*F*(1, 50) = 7.38, *p *\<* *.01) and *Ag1 *× *Ant‐Post* (*F*(3, 150) = 5.26, *p *\<* *.01). The interaction between *Ag2* × *Proficiency* was marginal (*F*(1, 50) = 4.04, *p *=* *.05), but the three‐way interaction with factor Ant‐Post reached significance (*Ag2 *× *Ant‐Post* × *Proficiency: F*(3, 150) = 3.57, *p *\<* *.05).

Follow‐up analyses by *Condition* pairs were then performed, motivated by the significant *Ag2* × *Ag1* interaction. None of the condition pairs revealed any significant effects except *xxy* versus *xxx*, where we expected the Proficiency interaction (*Condition*:*F*(1, 50) = 5.33, *p *\<* *.05; *Condition* × *Proficiency*:*F*(1, 50) = 3.15, *p *=* *.08; *Condition* × *Ant‐Post* × *Proficiency*:*F*(3, 150) = 2.28, *p *=* *.08). Despite marginal interactions with factor *Proficiency*, follow‐up analyses within each proficiency subgroup clearly supported the trend seen in the data: The negativity persisted from 500 to 600 ms for lower proficiency ([Condition]{.ul}: *F*(1, 26) = 15.47, *p *\<* *.001) but not higher proficiency individuals (*p *\>* *.1).

Correlational analyses confirmed this trend and revealed that individuals with higher proficiency scores elicited a larger positive amplitude at Pz for *xxy* versus *xxx* in the 500--600 ms range (C‐test*: r = *.337, *p *\<* *.01; *Error‐detection test: r *=* *.274, *p *\<* *.05).

### 3.4.3. P600 between 600 and 900 ms {#cogs12450-sec-0023}

On the midline in the prototypical P600 window, a significant main effect of *Ag1* (*F*(1, 50) = 10.95, *p *\<* *.005) and of *Ag2* (*F*(1, 50) = 30.86, *p *\<* *.0001) were qualified by a significant interaction between the two factors (*F*(1, 50) = 11.72, *p *\<* *.005). Interactions with *Ant‐Post* were also significant (*Ag2* × *Ant‐Post*:*F*(3, 150) = 11.90, *p *\<* *.0001; *Ag2* × *Ag1* × *Ant‐Post*:*F*(3, 150) = 12.08, *p *\<* *.0001), reflecting the posterior prominence of the positivity. Interactions with *Proficiency* were significant (*Ag2* × *Proficiency*:*F*(1, 50) = 5.77, *p *\<* *.05; *Ag2* × *Ant‐Post* × *Proficiency*:*F*(3, 150) = 5.12, *p *\<* *.05; *Ag2* × *Ag1* × *Ant‐Post* × *Proficiency*: (*F*(3, 150) = 5.34, *p *\<* *.005). No interactions with factor *Group* were statistically significant (*p*s \> .1), suggesting that the P600 in this time window was modulated by Italian proficiency level irrespective of group membership.

Follow‐up analyses by *Condition* (motivated by the *Ag2* × *Ag1* interactions) revealed the most significant difference to be between *xxy* and *xxx* conditions (*Condition*:*F*(1, 50) = 29.77, *p *\<* *.0001; *Condition* × *Ant‐Post*:*F*(3, 150) = 16.01, *p *\<* *.0001). Interactions with *Proficiency* also reached significance (*Condition* × *Proficiency*:*F*(1, 50) = 6.98, *p *\<* *.01; *Condition* × *Ant‐Post* x *Proficiency*:*F*(3, 150) = 7.10, *p *\<* *.0005). [anova]{.smallcaps}s within each proficiency subgroup indicated a significant P600 effect only in the higher proficiency individuals (*Condition*:*F*(1, 26) = 35.67, *p *\<* *.0001; *Condition* × *Ant‐Post*:*F*(3, 78) = 16.20, *p *\<* *.0001; significant at Cz, Pz, Oz at *p *\<* *.0001). In lower proficiency individuals, the P600 effect was only marginally significant (*Condition*:*F*(1, 26) = 3.39, *p *=* *.08; *Condition* × *Ant‐Post*:*F*(3, 78) = 2.28, *p *=* *.08, only at *Pz*:*p *\<* *.05). Correlational analyses provided further support that higher Italian scores were associated with a larger P600 amplitude at Pz (C‐test: *r *=* *.381, *p *\<* *.01; *Error‐test: r *=* *.358, *p *\<* *.01; *Semantic fluency: r *=* *.239, *p *\<* *.05).[8](#cogs12450-note-1008){ref-type="fn"}

The comparison between *xyx* and *xxx* conditions yielded a significant main effect of *Condition* (*F*(1, 50) = 5.19, *p *\<* *.05) and an interaction with factor *Ant‐Post* (*F*(3, 150) = 5.03, *p *\<* *.05) as well as a marginal three‐way interaction between *Condition* × *Ant‐Post* × *Proficiency* (*F*(3, 150) = 2.47, *p *=* *.06). Despite the marginal significance, follow‐up analyses within each proficiency subgroup supported the trend, such that only higher proficiency individuals showed a significant P600 for the *xyx* condition (*Condition*:*F*(1, 26) = 4.54, *p *\<* *.05; *Condition* × *Ant‐Post*:*F*(3, 78) = 6.09, *p *\<* *.01) which was significant at Pz (*p *\<* *.005) and Oz (*p *\<* *.05). In lower proficiency individuals, no effects approached significance (*p*s \> .10).

The comparison between *xyy* and *xxx* also revealed a significant *Condition* × *Ant‐Post* interaction (*F*(3, 150) = 4.49, *p *\<* *.05), indicating a posterior P600 effect, contrary to what would be predicted by the repair hypothesis. In contrast to the pattern observed in the plots, the difference between the two conditions was neither modulated by *Group* nor *Proficiency* (*p*s \> .1) in this P600 time window. This was surprising given that, in the monolingual Controls, the *xyy* condition seemed to overlap with the correct condition. Finally, comparing *xyy* and *xyx* violation conditions revealed a marginal main effect of *Condition* (*F*(1, 50) = 3.88, *p *=* *.06) but no interactions with *Ant‐Post* nor with between‐subject factors such as *Group* nor *Proficiency* (*p*s \> .1).

To verify whether our hypotheses for group differences in repair strategies were partially supported (as visual inspection of the plots suggested), we took a closer look within each group. For the repair condition "*xyy*" relative to the correct condition "*xxx*," Attriters showed a significant P600 effect (*Cond* × *Ant‐Post*:*F*(3, 69) = 5.63, *p *\<* *.01), whereas Controls did not (*p*s \> .3). In other words, while data from our non‐attriting native speakers replicated the online repair strategies reported in the original study with Italian monolinguals (Molinaro et al., [2011](#cogs12450-bib-0060){ref-type="ref"}), Attriters seemed to treat these sentences as morphosyntactic violations. Further support of this pattern was provided by the comparison between the two violation conditions (*xyy* vs. *xyx*), where we expected significant differences in Controls (Condition: *F*(1, 29) = 4.13, *p *=* *.05) but not in Attriters (*p*s \> .4).

### 3.4.4. Late P600 between 1,000 and 1,300 ms {#cogs12450-sec-0024}

The global [anova]{.smallcaps} on the midline confirmed the pattern observed in the data (Fig.** ** [7](#cogs12450-fig-0007){ref-type="fig"}), namely that *Group* (but not *Proficiency*) was the meaningful factor that modulated P600 effects in this very late time window. The interaction between *Ag2* × *Group* was significant (*F*(1, 50) = 5.91, *p *\<* *.01), as were the interactions with factor *Ant‐Post* (*Ag2* × *Ant‐Post*:*F*(3, 150) = 13.31, *p *\<* *.0001; *Ag2* × *Ag1* × *Ant‐Post*:*F*(3, 150) = 13.95, *p *\<* *.0001), as the effect was visibly strongest at posterior electrodes.

*Group* interactions (but not *Proficiency* interactions) were also found in follow‐up analyses performed by *Condition* pairs. The comparison between *xxy* versus *xxx* yielded a significant *Condition* × *Group* interaction (*F*(1, 50)* *= 8.75, *p *\<* *.005), which, when followed up within each group, revealed that Controls showed a significant P600 effect in response to *xxy* violations (*F*(1, 29) = 8.39, *p *\<* *.01) but Attriters did not (*p *\>* *.1). In the comparison between condition *xyx* versus *xxx,* the *Condition* × *Group* interaction also reached significance (*F*(1, 50) = 5.21, *p *\<* *.05), once again reflecting the presence of the P600 effect in Controls (*F*(1, 29) = 6.93, *p *\<* *.05) but not in Attriters (*p*s \> .1). Contrasting conditions *xyy* versus *xxx* yielded a significant *Condition* × *Ant‐Post* interaction (*F*(3, 150) = 3.19, *p *\<* *.05), but violation conditions *xyy* versus *xyx* were not statistically different from one another in this late P600 window (*p*s \> .1).

3.5. Experiential factors and ERP patterns in Attriters {#cogs12450-sec-0025}
-------------------------------------------------------

Although, on average, age at testing was superior in Attriters than in native‐speaker Controls, there were no modulations of behavioral or ERP responses by age of testing or level of education (all *p*s \> .1).

We assessed the role of background factors (such as age, education, age at immigration, and length of residence) as well as factors related to language use (such as amount of L1 and L2 exposure) on proficiency scores and ERP patterns. Within Attriters, length of residence was found to negatively correlate with scores on the written Error‐detection test only (*r *=* *−.49, *p *\<* *.01). Amount of L1 exposure (in terms of hours/week) was positively correlated with Attriters' overall proficiency scores (*r *=* *.43, *p *\<* *.01) as well as with their performance on the semantic fluency task (*r *=* *.35, *p *\<* *.05).

With respect to ERP patterns, amount of daily L1 exposure (% relative to L2 exposure) was positively correlated with the late P600 elicited by the modifier in the *xxy* conditions, both in the 900--1,000 ms time window (*r *=* *.40, *p *\<* *.005) as well as the 1,000--1,300 ms window (*r *=* *.45, *p *\<* *.000). Thus, Attriters with more L1 exposure were more similar to native‐controls in showing a late P600 effect.

No correlations were found between ERP patterns and Attriters' length of residence or age at immigration (*p*s \> .1).

4. Discussion {#cogs12450-sec-0026}
=============

This study compared attriters and non‐attriting native speakers in their L1‐Italian morphosyntactic processing, to determine whether online error detection and re‐analysis mechanisms involved in number agreement computation are vulnerable to attrition, behaviorally and/or at the neurocognitive level. Moreover, we examined whether processing differences were driven by L1 proficiency level (even among two groups of *native* speakers), and whether additional factors (L2 influence, amount of L1 exposure, length of residence, age of immigration) played a role in modulating the degree of native‐like‐ness of attriters' morphosyntactic processing patterns.

4.1. Qualitative and quantitative differences in Attriters' L1 morphosyntactic processing {#cogs12450-sec-0027}
-----------------------------------------------------------------------------------------

### 4.1.1. Verb {#cogs12450-sec-0028}

On the verb, we showed that Attriters and Controls differed in the early negativity (300--500 ms) elicited by subject‐verb number mismatches, both in terms of its amplitude and its scalp distribution. Controls showed a weak negativity that was focused at left‐temporal sites (T3, T5) and only reached significance at the most lateral electrodes. This effect is consistent with a LTN, which has been previously reported to occur in response to morphosyntactic violations instead of a LAN in some reading studies (see Steinhauer, White, & Drury, [2009](#cogs12450-bib-0107){ref-type="ref"}; Neville, Nicol, Barss, Forster, & Garrett, [1991](#cogs12450-bib-0068){ref-type="ref"}; Newman et al., [2007](#cogs12450-bib-6000){ref-type="ref"}; Weber‐Fox & Neville, [1996](#cogs12450-bib-0119){ref-type="ref"}). In contrast, Attriters showed a more robust, broadly distributed negativity that extended from midline to lateral sites (though larger over the left hemisphere). The negativity was followed by a frontal positivity (550--650 ms) similar to the effect reported in the original study by Molinaro et al. ([2011](#cogs12450-bib-0060){ref-type="ref"}). Although the frontal positivity was numerically larger in the Attriters, it was statistically indistinguishable from the effect elicited in Controls. Subject‐verb number mismatches also elicited a large posterior P600 (as of 650 ms) relative to correct sentences. This posterior positivity was divided into two distinct phases---a first phase (650--900 ms), shared by Controls and Attriters but modulated by L1 proficiency (with larger P600 amplitudes in higher proficiency individuals), and a second phase (1,000--1,200 ms) where only the Controls showed a late, ongoing P600, whereas the P600 in Attriters returned to baseline by 1,000 ms.

One possible view is that the negativity was shared by both groups but that amplitude and distributional differences were merely caused by component overlap with the subsequent positivity. According to arguments made by Tanner and colleagues (Tanner, [2015](#cogs12450-bib-0109){ref-type="ref"}; Tanner et al., [2013](#cogs12450-bib-0111){ref-type="ref"}; Tanner & Van Hell, [2014](#cogs12450-bib-0112){ref-type="ref"}; Tanner et al., [2012](#cogs12450-bib-0110){ref-type="ref"}; see response by Molinaro, Barber, Caffarra, & Carreiras, [2015](#cogs12450-bib-0059){ref-type="ref"}), extending previous suggestions by Osterhout and colleagues (Osterhout, [1997](#cogs12450-bib-0074){ref-type="ref"}; Osterhout & Mobley, [1995](#cogs12450-bib-0079){ref-type="ref"}), left‐lateralized negativities are the result of N400s that have been altered by the onset of the following positivity, which cancels out the negativity at sites where both effects overlap in time. However, we question the ability of this account to explain our data, given that the frontal positivity (550--650 ms) was shared across both groups, and that neither its amplitude nor scalp distribution differed significantly between Controls and Attriters. In fact, the frontal positivity was numerically larger in the *Attriters*, that is, in the group with the larger negativity. It is not conceivable that a larger negativity would survive when followed by a numerically larger positivity in an adjacent time window. Secondly, even if component overlap were to explain the resulting difference in scalp distribution of an otherwise shared N400 across groups, Controls and Attriters would have to have differed on the frontal positivity and, thus, our data would have still revealed a group difference.

Rather, the group differences in the negativity time window seem to point to qualitative differences in expectations of agreement between a sentence‐initial subject‐noun and a subsequent verb. The absence of a strong LAN in monolingual Italian native speakers is not an entirely surprising finding, given that several Italian studies have previously struggled to detect a significant LAN in overall statistical analyses (Angrilli et al., [2002](#cogs12450-bib-0003){ref-type="ref"}; De Vincenzi et al., [2003](#cogs12450-bib-0018){ref-type="ref"}; Mancini et al., [2009](#cogs12450-bib-0054){ref-type="ref"}; Molinaro et al., [2011](#cogs12450-bib-0060){ref-type="ref"}). It has been argued that, due to the relatively free word order of Italian and the grammaticality of post‐verbal subject constructions, the expectation of number agreement between a sentence‐initial noun and a subsequent verb is weaker in Italian than in languages such as English, where post‐verbal subjects are syntactically unacceptable and the verb must therefore agree with its preceding noun (Molinaro, Barber et al., [2011](#cogs12450-bib-0060){ref-type="ref"}). Given that the subject may follow the verb in Italian, a mismatch in number agreement detected on the verb does not necessarily signal a grammatical violation and thus may fail to elicit a robust LAN compared to, for example, determiner‐noun number agreement violations (Vespignani, Molinaro, & Job, unpublished data). One study by Mancini, Molinaro, Rizzi, and Carreiras ([2011b](#cogs12450-bib-0053){ref-type="ref"}) on Spanish found a similar "left‐posterior negativity" between 300 and 500 ms in monolingual Spanish speakers for a condition called "unagreement" where a person mismatch between subject and verb nonetheless produces a grammatical pattern. The authors interpreted this negativity as reflecting a violation of participants' semantic/pragmatic expectations, rather than the detection of a morphosyntactic error. Attriters, on the other hand, seemed more likely than monolingual‐controls to immediately process subject‐verb disagreement as a morphosyntactic violation, likely reflecting influence of their dominant English grammar. In this view, Attriters' reliance on word‐order cues (subject precedes verb) led to a strong morphosyntactic and conceptual (LAN/N400) expectation of agreement between subject‐noun and verb, rather than exploring the possibility of a post‐verbal subject construction as a solution to the agreement mismatch.

The group differences in the duration of the posterior P600 are also indicative of processing differences between Attriters and non‐attriter Controls. As later stages of the P600 have been associated with re‐analysis and repair processes (Carreiras et al., [2004](#cogs12450-bib-0012){ref-type="ref"}; Hagoort & Brown, [2000](#cogs12450-bib-0027){ref-type="ref"}; Mancini, Molinaro, Rizzi, & Carreiras, [2011a](#cogs12450-bib-0052){ref-type="ref"},[b](#cogs12450-bib-0053){ref-type="ref"}; Molinaro et al., [2008](#cogs12450-bib-0061){ref-type="ref"}; Silva‐Pereyra & Carreiras, [2007](#cogs12450-bib-0102){ref-type="ref"}), we interpret these results as suggesting that Controls engage in more extensive/elaborated repair than Attriters do for the same number‐agreement violations. This pattern, replicated on both target words (verb and modifier), together with Attriters' longer response latencies in providing acceptability judgment ratings, seems to support the view of less efficient online processing in Attriters. This interpretation will be further discussed below.

### 4.1.2. Modifier {#cogs12450-sec-0029}

On the modifier, in response to *xxy* sentences where the modifier marks the first point of violation (after both the subject‐noun and the verb agree in number), we showed that Attriters and Controls elicited a similar biphasic pattern consisting of an N400 (300--500 ms) followed by a P600 (600--900 ms) without a preceding frontal positivity. The finding of an N400‐like negativity is consistent with the view that computing certain types of agreement information requires access to lexical‐semantic or discourse‐level information (Barber, Salillas, & Carreiras, [2004](#cogs12450-bib-0006){ref-type="ref"}; Deutsch & Bentin, [2001](#cogs12450-bib-0020){ref-type="ref"}; Molinaro et al., [2008](#cogs12450-bib-0061){ref-type="ref"}; see Molinaro, Barber et al., [2011](#cogs12450-bib-0060){ref-type="ref"}), given that, at this point in the sentence, readers must determine the antecedent of the modifier (the subject‐noun). Interestingly, our data showed that a biphasic pattern only occurred on target words which marked the first point of violation in the sentence (i.e., on verb in violation conditions and on modifier in *xxy* condition, *but not* on modifier in *xyx* or *xyy* conditions). The finding that the negativity is more robust for the modifier than on the verb may be in line with the notion that subject‐verb number mismatches in Italian are less likely to elicit robust LAN/N400 effects due to the possibility of a post‐verbal subject noun, whereas encountering a modifier must unambiguously agree with its preceding antecedent. Although the amplitude and scalp distribution of the N400 on the modifier were modulated by L1‐proficiency, there were no group differences in this time window. However, the groups differed once again on the duration of the P600, which persisted into the 1,000--1,300 ms time‐range in native‐Controls but not in Attriters. Interestingly, *within* Attriters, correlational analyses showed that the more frequent the L1‐Italian exposure, the larger the late P600. In other words, the more Attriters continued to use their L1, the more native‐like they were in the P600 they elicited on the modifier.

Comparing the two other violation conditions (*xyy* and *xyx*) relative to correct *xxx* sentences revealed that Attriters elicited a numerically larger P600 effect for *xyy* sentences (i.e., the "repair" condition) compared to non‐attriter Controls, for whom the *xyy* condition largely overlapped with the correct condition and only the *xyx* condition seemed to elicit a P600 effect (Fig.** ** [8](#cogs12450-fig-0008){ref-type="fig"}). This trend was in the direction of our hypotheses, namely that Attriters would be less efficient than Controls in their online repair/re‐analysis strategies upon encountering an initial violation on the verb. However, group differences in this graded pattern of ERP responses (*xyx* \> *xyy*) did not emerge as statistically significant. In hindsight, it is possible that our choice of task weakened the potential for repair to be as robustly pursued as in the original study, where the task involved reading for comprehension rather than rating acceptability (Molinaro et al., [2011](#cogs12450-bib-0060){ref-type="ref"}; Molinaro et al., [2008](#cogs12450-bib-0061){ref-type="ref"}). It is possible that repair is not mandatory or fully pursued in an acceptability judgment task as compared to reading for comprehension. In line with this speculation, behavioral response times were longest for conditions where the verb agreed with the preceding subject, indicating that participants were faster to make up their mind about the acceptability of the sentence if the violation occurred early on (on the verb). A comprehension question assessing readers' interpretation of the number value of the sentences (e.g., was the sentence about one or two workers?) may have proven more sensitive to processing differences related to input‐revision and repair.

One may argue the negativity observed on the modifier may be driven by the potential structural ambiguity of the sentence constructions, where readers may have initially attempted to attach the modifier to the immediately preceding word (which was feminine, inanimate, and singular across all trials). An attachment attempt of the modifier with the preceding noun would result in a Gender+Plausibility+Number mismatch, and give rise to an N400 effect. It is conceivable that such a parsing preference could exist and could be modulated by factors related to attrition or proficiency. However, we may rule out this possibility, as the mismatch in gender and plausibility between the modifier and the intervening noun should have affected all conditions equally (including the correct condition), whereas only the *xxy* condition elicited a large N400 effect. Moreover, if the N400 were driven by the number mismatch between the modifier and preceding noun (rather than its mismatch with the sentence‐initial subject‐noun), then we would expect differences between singular and plural trials, given that the intervening noun was consistently singular. We investigated this possibility but did not find any evidence that the ERP violation effects were largest in subconditions where the modifier was plural (and clashed with the preceding singular noun). We can therefore rule out that any processing differences we describe in our data were due to potential differences in modifier‐antecedent attachment preferences.

The pattern of a shorter P600 response in Attriters than in Controls (as well as to Attriters with greater L1 use), together with Attriters' longer response‐times, as well as their tendency to elicit larger P600 responses to the "repair" condition (*xyy*) than native‐monolinguals, suggest overall that Attriters may engage in shallower online repair/re‐analysis processes during real‐time comprehension. Although they did detect the number agreement violations at both points within the sentence and reached similar acceptability judgment ratings (albeit at significantly slower rates), Attriters differed in how they computed syntactic relations online. Importantly, although one could argue that the shorter P600 in Attriters is a trivial effect that reflects unspecific inter‐individual differences that happened to manifest as a group difference, data we collected from the same participants over the same testing session but with different experimental stimuli did not show this pattern (Kasparian & Steinhauer, [2016](#cogs12450-bib-0138){ref-type="ref"}). This rules out the possibility that Attriters show shorter P600 effects across the board. Lastly, Attriters were not slower in their response‐times compared to native‐Controls across the board but specifically in the present experiment, which argues against the possibility that Attriters are slower in their processing overall.

Interestingly, the P600 is the effect that Monika Schmid and collaborators focused on in their large‐scale study of gender agreement processing (Bergmann et al., [2015](#cogs12450-bib-0008){ref-type="ref"}; Schmid, [2013](#cogs12450-bib-0100){ref-type="ref"}) and on which they reported no significant amplitude or latency/duration differences between Attriters and non‐attriting monolingual controls. However, as discussed earlier, determiner‐noun agreement (without an inflected intervening adjective in Dutch and German) may not be sensitive to group differences in processing in native speakers. An interesting avenue for future research would be to continue investigating potential P600 modulations in Attriters and how these effects may depend on the structures that are investigated, the specific language‐pairings and factors related to attrition and to proficiency level.

4.2. The role of proficiency level in modulating ERP response patterns {#cogs12450-sec-0030}
----------------------------------------------------------------------

In line with research emphasizing the impact of proficiency on native‐like L2 processing patterns (e.g., Bowden et al., [2013](#cogs12450-bib-0010){ref-type="ref"}; Friederici, Steinhauer, et al., [2002](#cogs12450-bib-0024){ref-type="ref"}; Morgan‐Short et al., [2012](#cogs12450-bib-0065){ref-type="ref"}; Newman, Tremblay, Nichols, Neville, & Ullman, [2012](#cogs12450-bib-0070){ref-type="ref"}; Osterhout et al., [2006](#cogs12450-bib-0078){ref-type="ref"}; Rossi et al., [2006](#cogs12450-bib-0095){ref-type="ref"}; Steinhauer et al., [2009](#cogs12450-bib-0107){ref-type="ref"}), our findings confirmed that proficiency scores predicted the amplitude, scalp distribution, latency and/or duration of ERP correlates of language processing, even in native speakers processing their *L1*.

Both on the verb and on the modifier, L1‐proficiency modulated the amplitude of the earlier portion of the posterior P600 (verb: 650--1,000 ms; modifier: 600--900 ms), such that native speakers (Controls and Attriters) with higher proficiency scores elicited a P600 effect of a larger amplitude, indicating that they were better able to diagnose the ungrammaticality of the sentence than native speakers with lower scores on the Italian proficiency measures (see Friederici et al., [2001](#cogs12450-bib-0023){ref-type="ref"}). This finding is reminiscent of a number of previous studies reporting reduced P600s in less proficiency L2 learners (e.g., Rossi et al., [2006](#cogs12450-bib-0095){ref-type="ref"}). Thus, proficiency of the target language modulates processing patterns, regardless of the status of that language (L1 or L2). Crucially, and consistently for both target‐words, proficiency only modulated the P600 amplitude in the early time window, whereas the P600 effect extending beyond 1,000 ms was dependent on group membership rather than on proficiency level, with a significant P600 persisting only in Controls.

Furthermore, the N400 effect observed on the modifier (*xxy* condition) was also predicted by proficiency scores; lower L1‐proficiency speakers (Controls as well as Attriters) elicited a smaller, less frontal, and longer lasting (until 600 ms) N400 in response to *xxy* violations, whereas the N400 was larger and more anterior in higher proficiency individuals. Although the voltage maps in Fig.** ** [7](#cogs12450-fig-0007){ref-type="fig"} suggest that the negativity in the high‐proficiency subgroup resembles a LAN, whereas the negativity in the low‐proficiency subgroup has an N400‐like distribution, the lateral [anova]{.smallcaps} did not reveal a significant *Hemisphere* × *Group* interaction. Proponents of the component overlap view proposed by Tanner and colleagues (Osterhout, [1997](#cogs12450-bib-0074){ref-type="ref"}; Tanner & Van Hell, [2014](#cogs12450-bib-0112){ref-type="ref"}; Tanner et al., [2013](#cogs12450-bib-0111){ref-type="ref"}, [2012](#cogs12450-bib-0110){ref-type="ref"}) would argue that both subgroups show an N400 effect, but that the left‐anterior distribution of the negativity in the high‐proficiency individuals is the result of the larger and earlier onsetting parietal P600 that cancels out the N400 at electrodes sites where the two effects overlap. To investigate this possibility, we visually examined the distribution of the negativity with a 50 ms moving window and determined that the negativity in high‐proficiency individuals originated at left‐frontal electrodes as early as 250 ms. Thus, the steepness of the P600 in the high‐proficiency group is not the reason for the frontal distribution of the negativity in these individuals. Given that, based on the literature, a LAN + P600 pattern may be the expected response to number agreement violations, it seems intuitive for the negativity to be more frontally localized (and more left‐lateralized, at least qualitatively) in higher rather than lower proficiency individuals.

Our study is consistent with similar accounts of proficiency effects on L1 morphosyntactic processing (Newman et al., [2012](#cogs12450-bib-0070){ref-type="ref"}; Pakulak & Neville, [2010](#cogs12450-bib-0081){ref-type="ref"}) and among the few ERP studies to systematically measure proficiency and assess its impact on the ERP patterns of native speakers, thus moving away from the assumption of "ceiling effects" in native speakers without any individual variability in proficiency. In sum, our results emphasize that proficiency is a key factor in modulating native‐like neurocognitive responses, regardless of whether the language being processed is the L2 or the L1.

4.3. What qualifies as "first language attrition"? {#cogs12450-sec-0031}
--------------------------------------------------

We have argued that attriters differed from non‐attriting native speakers in their L1 processing of number agreement, showing evidence of crosslinguistic influence from L2‐English in response to subject‐verb agreement mismatches, as well as less thorough online repair or re‐analysis mechanisms as reflected by differences in the late P600 (and longer behavioral response times). However, it is important to rule out the possibility that other differences between groups account for these patterns. First, although Attriters were more advanced in age than Controls, there were no significant correlations between ERP patterns and age at testing. The groups also did not differ significantly in WM and/or reading speed.

One possibility is that attentional differences contribute to group differences in ERP response patterns. Given that we explicitly set out to recruit individuals who were reporting changes/difficulties in their L1, participants in our attrition group were aware that they were being selected for a study assessing their native language. We chose not to hide this information from them to ensure that our candidates reported experiencing a clear change in the way they used their L1 relative to the L2. However, this also inherently meant that attention, focus, and motivation to show maintenance of the L1 may have played a greater role in these individuals than in native speakers who were tested in Italy. Attriters may be more likely to be self‐conscious and to want to perform well in their native language. That said, the potentially heightened attention in these individuals may be an intrinsic characteristic of attrition and an influencing factor of its own right.

Is it fair to label these differences as "attrition"? It may be argued that differences in amplitude, distribution, or duration of otherwise qualitatively similar ERP components may not constitute compelling evidence in favor of attrition. Such a criticism raises important issues relevant to the operationalization of "attrition" as well as for ERP research in general. Qualitative and/or quantitative differences in amplitude, scalp distribution, latency, and duration have long been interpreted in L2‐processing studies as differential processing mechanisms between (late) L2 learners and native speakers (e.g., Hahne & Friederici, [2001](#cogs12450-bib-0030){ref-type="ref"}; Osterhout et al., [2006](#cogs12450-bib-0078){ref-type="ref"}; Rossi et al., [2006](#cogs12450-bib-0095){ref-type="ref"}; Weber‐Fox & Neville, [1996](#cogs12450-bib-0119){ref-type="ref"}). Moreover, it is important to note that the only other ERP study conducted with attriters failed to show any such differences---be it qualitative *or* quantitative---in the L1 processing patterns of Attriters compared to native‐monolingual Controls.

If these differences qualify as "attrition," why is this decline not reflected in our Attriters' L1 proficiency scores which, though numerically lower, were not statistically different from those of native speakers still residing in Italy? One possibility is that, at least for the written measures, Attriters arrived at the same responses but after spending more time on the task. Longer response latencies were indeed found for the end‐of‐sentence acceptability judgment task, in the absence of significant differences in rating values for each condition. Furthermore, it has been shown that attrition effects can be found in some tasks but not in others (Schmid, [2011](#cogs12450-bib-0099){ref-type="ref"}). It is also conceivable that differences begin to appear at the neurocognitive processing level *before* they appear in behavior, as has been demonstrated in longitudinal studies of L2 learning such as in McLaughlin et al. ([2004](#cogs12450-bib-0057){ref-type="ref"}). The relationship between online processing and linguistic behavior, and the time course of attrition effects as reflected by both methods, is still an interesting question that is open to investigation. It is important to keep in mind that *all* attriters who participated in this study were recruited because of their self‐reported experiences of attrition effects. Thus, attrition effects must not be entirely absent in their linguistic behavior, given that Attriters (and sometimes their friends or family) have pinpointed changes in their language. Rather, our behavioral tasks were less sensitive to these effects than were real‐time ERP measures.

One may argue that the attriters tested in this study were only at the earliest stages of attrition. Proficiency scores were indeed lower in individuals with a longer length of residence and with less L1 exposure. However, it may be that we need to move away from the expectation that proficiency and behavioral differences are the yardstick with which we define and quantify attrition. As we have shown in this study, several group differences between Attriters and Controls in amplitude, timing, and scalp distribution of ERP patterns were found to be independent from proficiency effects, indicating that a normal degree of proficiency variation within native speakers cannot be the whole story. Attrition does not seem to manifest itself as a generalized reduction in proficiency, neither behaviorally in individuals' proficiency profiles, nor in terms of ERP responses that are proficiency‐dependent. A broader definition such as the one proposed by Schmid ([2011](#cogs12450-bib-0099){ref-type="ref"}) where "attrition" is generally used to describe a *change* to the L1 as a result of predominant L2 exposure/use may be more appropriate to understand the neurocognitive and linguistic underpinnings of L1 attrition.

In our view, attrition effects should more broadly encompass (a) *proficiency effects*, where L1 processing patterns are more native‐like at higher ranges of L1 proficiency and L2 processing is more native‐like at higher levels of L2 proficiency; (b) *crosslinguistic transfer effects*, where increased attrition is characterized by an increase in L2‐to‐L1 influence and a decrease in L1‐to‐L2 influence; and (c) *special experiential circumstances*, such as increased attention, motivation to perform well, amount of L1 versus L2 exposure, length or residence, etc.

A final point is whether group differences are merely the result of comparing bilingual and monolingual‐speakers. Although we also ran the present experiment with English‐Italian L2 learners of intermediate and advanced proficiency levels, the focus of the current paper was to assess the impact of L1 dominance and to compare attriters to non‐attriter native speakers on their *L1*, rather than also comparing them to a group of learners for whom Italian was the *L2*. Second, in addition to differences between groups, we found evidence of more or less native‐like processing patterns even *within* the bilingual group of Attriters. For example, amount of L1 exposure modulated the amplitude of the late P600 which has been associated with structural re‐analysis processes. However, given that cross‐linguistic influence from English to Italian is a likely source of processing differences (as argued in the context of the robust N400 observed in Attriters in response to subject‐verb agreement violations), it would be highly beneficial as a next step to examine not only L2 learners of Italian, but especially to test a group of L1‐dominant Italian‐English bilinguals residing in Italy, who are highly proficient in the English‐L2 but who do not experience a change in the way the L1 is used in the environment.

In sum, this research is only the first step in the direction of understanding the neurocognitive correlates of L1 attrition, but it has highlighted some of the first differences in the real‐time processing of L1 morphosyntax in attriters relative to non‐attriting native speakers.

4.4. Beyond a monolithic account of the P600 {#cogs12450-sec-0032}
--------------------------------------------

As one of the broader aims of our study was to replicate previous studies on number agreement processing and investigate ERP responses as reflecting distinct processing stages, a brief mention of the functional significance of the distinct phases of positive‐going ERP components is of interest for ERP research on language processing.

In line with several number agreement studies, including the original study by Molinaro et al. ([2011](#cogs12450-bib-0060){ref-type="ref"}), we replicated the early positivity that was prominent over fronto‐central areas of the scalp (Barber & Carreiras, [2005](#cogs12450-bib-0005){ref-type="ref"}; Hagoort & Brown, [2000](#cogs12450-bib-0027){ref-type="ref"}; Kaan, [2002](#cogs12450-bib-0035){ref-type="ref"}; Kaan & Swaab, [2003](#cogs12450-bib-0037){ref-type="ref"}; Kaan et al., [2000](#cogs12450-bib-0036){ref-type="ref"}; Molinaro, Kim et al., [2008](#cogs12450-bib-0061){ref-type="ref"}; Molinaro, Barber, & Carreiras, 2011; Silva‐Pereyra & Carreiras, [2007](#cogs12450-bib-0102){ref-type="ref"}). This effect was elicited by the verb when it clashed in number with the sentence‐initial subject‐noun. Previous reports have attributed the frontal positivity to an increased difficulty in integrating the mismatching constituent with the previous sentence fragment, and having to override the preferred structural representation of the sentence (Hagoort, Brown, & Osterhout, [1999](#cogs12450-bib-0029){ref-type="ref"}). However, one should also consider the literature where frontal positivities elicited in a variety of paradigms have been referred to as P3a components. The P3a is often driven by surprise (Polich, [2007](#cogs12450-bib-0092){ref-type="ref"}; Squires, Squires, & Hillyard, [1975](#cogs12450-bib-0104){ref-type="ref"}) and is viewed as part of an orientation response allocating special attention to the stimulus (Näätänen & Galliard, [1983](#cogs12450-bib-0067){ref-type="ref"}). This interpretation would explain why the early frontal positivity in our study was present for violations realized early on in the sentence (i.e., on the verb but not on the modifier) and was larger for trials in the first half of the experiment, compared to the second half (see Appendix S1). We preliminarily argue that the early frontal positivity we observed is a P3a, driven by a violation that occurs early on in a sentence without much context, and is absent when the violation is more predictable. This hypothesis could be further investigated in future studies.

Our study also replicated the prototypical, posterior P600 effect that has been elicited in response to morphosyntactic violations. In terms of its amplitude, we found large P600s in response to subject‐verb agreement violations, as well as in response to the modifier when it consisted of the first and only violation in the sentence (*xxy* condition). In contrast, P600 effects were significantly smaller in those conditions where the modifier marked the second point of violation within the sentence (*xyx* and *xyy*). Interestingly, this graded P600 pattern was strikingly similar to the P600 pattern reported in the original study by Molinaro and colleagues (2011) as well as in an English study with a similar experimental design by Molinaro et al. ([2008](#cogs12450-bib-0061){ref-type="ref"}), despite our use of an acceptability judgment task rather than a comprehension task (see discussions of task effects on the P600 in Bornkessel‐Schlesewsky et al., [2011](#cogs12450-bib-0009){ref-type="ref"}; Coulson et al., [1998](#cogs12450-bib-0016){ref-type="ref"}; Friederici et al., [2001](#cogs12450-bib-0023){ref-type="ref"}; Frisch, Kotz, von Cramon, & Friederici, [2003](#cogs12450-bib-0025){ref-type="ref"}; Osterhout & Hagoort, [1999](#cogs12450-bib-0075){ref-type="ref"}; Royle, Drury, & Steinhauer, [2013](#cogs12450-bib-0096){ref-type="ref"}; Steinhauer, Mecklinger, Friederici, & Meyer, [1997](#cogs12450-bib-0106){ref-type="ref"}).

An important contribution of our study was the finding of functionally distinct portions of the posterior P600. In line with the literature, we interpreted the first window of the posterior P600 as reflective of the diagnosis of a violation (see Fodor & Inoue, [1998](#cogs12450-bib-1000){ref-type="ref"}, discussed in Friederici et al., [2001](#cogs12450-bib-0023){ref-type="ref"} for garden‐path sentences), whereas we associated the later window with processes related to morphosyntactic repair (Carreiras et al., [2004](#cogs12450-bib-0012){ref-type="ref"}; Hagoort & Brown, [2000](#cogs12450-bib-0027){ref-type="ref"}; Mancini et al., [2009](#cogs12450-bib-0054){ref-type="ref"}; Molinaro et al., [2008](#cogs12450-bib-0061){ref-type="ref"}; Silva‐Pereyra & Carreiras, [2007](#cogs12450-bib-0102){ref-type="ref"}). However, the majority of agreement studies had not extended the time window of the P600 beyond 900 or 1,000 ms. It is important to emphasize that the later P600 does not seem to reflect a mere continuation (longer duration) of the P600 elicited 650--1,000 ms, as topographical differences were found in Controls in an additional analysis[9](#cogs12450-note-1009){ref-type="fn"} comparing the two time windows (*TW* × *Agr1* × *Ant‐post*: (*F*(3, 87) = 3.67, *p *\<* *.05). These distributional differences between the earlier and late P600 window provides further support that the underlying processes (diagnosis vs. repair) are functionally distinct.

An unexpected and novel finding was that these P600 effects in different time windows were *differentially* affected by proficiency (early phase) and group membership (late phase). This differential impact of L1 proficiency and group emphasizes that different stages of the P600 reflect different underlying processes and therefore it would be much too simplistic to consider the P600 as a monolithic component.

5. Conclusions {#cogs12450-sec-0033}
==============

In one of the first ERP investigations of L1 attrition in morphosyntactic processing, we showed that adult attriters and non‐attriting native speakers differed in the neurocognitive correlates underlying real‐time comprehension of Italian sentences that required online re‐analysis. This was the first ERP study to show qualitative and quantitative differences in ERP components of interest in the absence of robust differences offline, at the behavioral level. Our results also emphasized that proficiency modulates native‐like processing patterns, even in one\'s L1, but that attrition cannot simply be characterized as "lower L1 proficiency" profiles, given the additive effects of group and proficiency in our study. The finding that even the "entrenched" L1 grammar of individuals who lived in an exclusively monolingual context up until adulthood is subject to change after a period of predominant L2 exposure/use in a non‐L1‐dominant environment corroborates the view of ongoing neuroplasticity in adulthood, where language experience is able to alter neurocognitive mechanisms beyond an early maturational window. Our study also highlighted and addressed a number of theoretical and methodological questions that could be considered as avenues for impending research in both L1 and L2 processing.

Supporting information
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**Appendix S1**. An example of data patterns with the original baseline correction (−200 to 0 ms). The N400, frontal positivity, and P600 effects we reported on the verb for Attriters (with a baseline of −200 to 200 ms) were also reliable with this original baseline.

###### 

Click here for additional data file.

###### 

**Appendix S2**. An illustration of the larger frontal positivity / P3a amplitudes on the verb during the first half of the experiment compared to the second half (for all subjects).
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Click here for additional data file.

###### 

 

###### 

Click here for additional data file.
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It should be noted that the early (fronto‐central) stage of the positivity is not limited to ambiguous/complex sentences or to agreement errors, but has been elicited in response to other morphosyntactic violations such as phrase structure violations (e.g., Bowden et al., [2013](#cogs12450-bib-0010){ref-type="ref"}). The early frontal positivity has also been described as a member of the P300 component family (P3a: Squires, Squires, & Hillyard, [1975](#cogs12450-bib-0104){ref-type="ref"}; in Italian morphosyntactic violations: Mueller, Oberecker, & Friederici, 2009; see review in Osterhout & Hagoort, [1999](#cogs12450-bib-0075){ref-type="ref"}, and Polich, [2007](#cogs12450-bib-0092){ref-type="ref"}), although many studies have termed it a "frontal P600" (e.g., Kaan & Swaab, [2003](#cogs12450-bib-0037){ref-type="ref"}).

The LAN was only significant in the authors' direct comparison of condition pairs, rather than in a global [anova]{.smallcaps}.

Participants unanimously considered their AoA of English to coincide with their age of immersion into English (i.e., immigration), given that their exposure to English within the Italian school system was only minimal.

Molinaro et al., ([2011](#cogs12450-bib-0060){ref-type="ref"}) only presented participants with sentences where the subject‐noun was plural as their main goal was to compare the processing of morphosyntactic plurals and coordinate plurals (joined by "and").

Following an observation made by Molinaro, Barber, et al. ([2011](#cogs12450-bib-0060){ref-type="ref"}) that LAN effects were more robust in agreement studies using an offline reference of average mastoids rather than the left mastoid, we ran our analyses with each reference choice and found that the pattern of our results was identical whether we used the left mastoid or the average mastoids as our offline reference.

Our original baseline of −200 to 0 ms was adjusted to compensate for early differences triggered by the subject‐noun in Attriters but also in L2 learners; to ensure comparability between the L2 data (reported elsewhere) and data from Controls and Attriters, maintaining a consistent baseline interval was considered important. Crucially, all ERP effects reported here were consistent with either baseline correction (see example in Appendix S1).

These correlations between P600 amplitude and proficiency were significant even with group partialled out (C‐test: *r* = .296, *p* \< .05; Semantic fluency: *r* = .344, *p* \< .05), indicating that proficiency differences cannot simply be reduced to group differences between Attriters and Controls on the P600. We thank an anonymous reviewer for this suggestion.

These correlations between P600 amplitude and proficiency held when group was partialled out (C‐test: *r *= .404, *p* \< .01; Error‐detection test: *r *= .360, *p* \< .01; Semantic fluency test: *r *= .246, *p* = .08), indicating that proficiency effects cannot be reduced to group differences between Attriters and Controls. We thank an anonymous reviewer for this suggestion.

We thank an anonymous reviewer for this suggestion.
